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2101  Nasa  Road  1 
Houston,  Texas  77058 


Enclosure:  (1) 


Navi gati on  Input  to  Level  G OFT  Navi gati on 
Functional  Subsys tern  Software  Requi rements 
(Rendezvous  Onorbit-2) 


1.  EnGlosure  (1)  presents  the  rendezvous  (bnorbit-2) navigation 
softv/are  design  requi Y'ements  for  the  Orbital  Flight  Test 
(OFT)  phase  of  the  Space  Shuttle.  This  design  note  has  been 
prepaY'ed  in  the  format  of  a Functional  Subsystem  Software 
Requirements  {FSSR)  document,  and  contains  not  only  the 
recently  developed  rendezvous  design,  but  also  the  onorbit-1 

•requirements.  Thus j the  contents  of  this  enclosure  repre- 
sent the  most  recent  OFT  navigation  requirements  for  the 
orbit  operations  computer  load.  In  addition,  due  to  recent 
decisions  to  split  documentation  of  OFT  navigation  require- 
ments into  three  separate  books  (one  per  each  computer  load), 
the  enclosed  represents  the  first  publication  of  the  orbit 
operations  FSSR  book.  This  design  note  boes  not  constitute 
an  official  track  task  FSSR  input.  The  first  such  input 
is  curY'ently  scheduled  for  17  December  1976  (onorbit-l), 

2.  This  letter  partially  fulfills  a deliverable  requirement  of 
JSC/HDC  Task  Order  D0510,  Task  Assignments  C,  D,  E,  and  6. 
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Enclosura:  (1)  Navigation  Input  to  Level  C OFT  Navigation 

Functional  Subsystem  Software  Requirements 
(Rendezvous  Onorbit-2) 


1.  Enclosure  (1)  presents  the  rendezvous  (ortorblt-2) navigation 
software  design  requirements  for  the  Orbital  Flight  Test 
(OFT)  phase  of  the  Space  Shuttle.  This  design  note  has  been 
prepared  in  the  format  of  a Functional  Subsystem  Software 
Requirements  (FSSR)  document,  and  contains  not  only  the 
recfently  developed  rendezvous  design,  but  also  the  onorblt-1 
requirements.  Thus,  the  contents  of  this  enclosure  repre- 
sent the  most  ry^ent  OFT  navigation  requirements  for  the 
orbit  operations  computer  load.  In  addition,  due  to  recent 
decisions  to  split  documentation  of  OFT  navigation  require- 
ments Into  three  separate  books  (one  per  each  computer  load) 
the  enclosed  represents  the  first  publication  of  the  orbit 
opeT*ations  FSSR  book.  This  design  note  does  not  constitute 
an  official  track  task  FSSR  input.  The  first  such  input 

is  currently  scheduled  for  17  December  1976  (onorbit-1). 

2,  This  letter  partially  fulfills  a deliverable  requir«^nt  of 
OSC/MOC  Task  Order  D0510,  Task  Assignmants  C,  D,  E,  and  6. 
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1 .0  INTRODUCTION 


This  document  provides  Level  C detailed  navigation  require- 
ments for  review  prior  to  the  8 November  1976  onorbit-1 
and  onorbit-2  mode  team  meetings  and  the  subsequent  on- 
orbit  operations  computer  load  (i.e.  the  navigation  soft- 
ware for  the  entire  operational  sequence  2,  and  operational 
sequence  8)>  The  original  intention  was  to  issue  only  ren- 
dezvous - unique  requirements.,  but,  in  the  process  of  gen- 
erating the  rendezvous  design,  a substantial  re-design  was 
necessary  for  the  onorbit-1  software.  This,  coupled  with 
the  recent  decision  to  separate  all  navigation  Level  C 
requirements  into  three  separate  books  per  memory  load  re- 
sulted in  the  decision  to  document  the  entire  orbit  oper- 
ations computer  load,  rather  than  just  rendezvous  - unique 
requirements . 

The  rendezvous  (onorbit-2)  requirements  are  based  on  re- 
vision to  MDTSCO  Transmittal  Memo  1.4-MPB-323,  First  Data 
Dump  - Rendezvous  (onorbit-2)  Navigation  Softv;are,  dated 
30  July  1976,  suggested  at  two  TELECON  review  sessions 
held  on  20  and  26  August.  The  onorbit-1  (non-rendezvous) 
requirements  are  based  on  the  July  1976  FSSR,  modified  by 
the  25  June  1976  FSSR  input  change  page  document",  further 
modified  by  changes  which  came  about  during  the  rendezvous 
softv/are  design  process,  and  finally  modified  by  the  ascent/ 


onorbit  mode  team  meeting  (August  2 through  6,  1976) 
decisions.  All  changes  and  FSSR  section  status  are 
identified  in  the  PHASE  4 A Status  Log  included  in  this 
section. 

The  follovnng  assumptions  were  used  in  the  development 
of  the  Level  Conorbit-2  (and  revised  onorbit-1)  require- 
ments, and  thus  represents  the  combined  developmental 
phases  4 and  4A: 

1.  No  onboard  external  data  are  processed  during  the 
non-rendezvous  portion  of  operational  sequence  2.  One- 
way Doppler/TDRSS  measurement  incorporation  is  not 
.currently  planned  for  the  OFT  program. 

2.  The  following  external  data  will  be  processed  during 
the  rendezvous  coast  and  TPF  stationkeeping  navigation 
phases  (no  external  data  will  be  processed  during  the 
rendezvous  powered  flight  navigation  phases): 

a.  Rendezvous  radar  shaft  angle,  trun ton  angle,  range, 
and  range  rate, 

b.  Star  tracker  horizontal  and  vertical  angles,  and 

c.  COAS  (Crew  Optical  Alignment  Sight)  horizontal  and 
vertical  angles. 

3.  A nine-diraensional  state  vector  is  maintained  during 
nonrendezvous  portions  of  operational  sequence  2 (three 
position;  three,  velocity;  and  three,  unmodeled  accel- 
eration biases). 


4.  The  state  vector  maintained  during  rendezvous  coast, 
rendezvous  powered  flight,  and  TPf  stationkeeping  navi- 
gation phases  is  composed  of  19  cloments/ 

1-3  Orbiter  position  (Aries  mean  of  1950) 

4-6  Orbiter  velocity  (Aries  mean  of  1950)  - 

7-9  Orbiter  unmodelled  acceleration  biases  (body- 

coordinate  system) 

10-12  Target  position  (Aries  mean  of  1950) 

13-15  Target  velocity  (Aries  mean  of  1950) 

16-19  Rendezvous  tracker  biases  (sensor  coordinate 
systems) 

5.  Prestored  tables  of  ncminal  vehicle  attitude,  nominal 
vent  magnitude  and  body-relative  thrust  directions, 
nominal  RCS  .uncoupled  thrust  magnitudes  and  body-relative 
directions,  and  vehicle/payload  area  configuration  are  re- 
quired for  acceleration  models. 

6.  The  IMU  SOP  provides  an  estimate  of  the  total  accumulated 
IMU  velocity  at  the  time  of  a data  snap,  in  the  presence 
of  commfaults. 

7.  All  operational  sequence  2 (and  8)  floating  point  vari- 
ables are  assumed  to. be  -in  double  precision. 

8.  TPF  stationkeeping  phase  includes  braking  and  LOS  control 
phases. 

9.  External  measurement  data  are  selected  and  processed 
mutually  exclusive  on  an  instrument  basis,  with  the  ex- 
ception of  rendezvous  radar  range  and  range-rate  which 

1-3: 


may  be  processed  with  COAS,  star  tracker,  or  rendezvous 
radar  angles.  The  DIP  (display  interface  processor) 
will  insure  this  by  activiting  the  navigation  sensor 
selection  "ENABLE"  flag  for  only  the  most  recently 
crew-selected  instrument. 

10.  All  rendezvous  tracker  bias  variances  are  propagated 
as  exponentially  correlated  random  variables. 

11.  A 19x19  covariance  matrix  of  Aries  mean  of  1950  posi- 
tion and  velocity  (orbiter  and  target),  of  body-fixed 
acceleration  bias  errors,  and  of  at  most  four  rendezvous 
tracker  (instrument)  biases,  is  propagated  during  ren- 
dezvous coast,  rendezvous  powered  flight,  and  TPF  sta- 
tionkeeping .navigation  phases.  A 9x9  covariance  matrix 
of  Aries  mean  of  1950  position  and  velocity  (orbiter, 
only),  and  of  three  body-fixed  accel eration  bias  errors , 
is  propagated  during  onorbit  coast  and  onorbit  pov;ered 
flight  navigation  phases. 

12.  Use  of  sensed  velocity  in  the  navigation  state  propagator 
is  triggered  by  entrance  into  the  onorbit  or  rendezvous 
powered  flight  navigation  phases  .(ignition  time  minus 

TBD  seconds,  event-68)  and  a prestored  sensed  acceleration 
threshold.  Use  of  sensed  velocity  during  TPS/ stationkeep- 
ing is  triggered  by  entrance  into  that  major  mode  (MM  213) 
and  by  a prestored  sensed  acceleration  threshold. 

13.  External  measurement  data  processing  shall  be  inhibited 


during  rendezvous  powered  flight  navigation  phases.  In- 
hibiting shall  commence  at  ignition  time  minus  TBD  seconds. 
This  event  is  independent  of  the  event  (#68)  to  begin  the 
rendezvous  navigation  phase,  itself. 

14.  Backward  and  forward  integration  capability  is  provided 
for  state  prediction  and  propagation. 

15.  Prestored  nominal  attitude  time  lines  are  used  for  pre-  . 
diction,  and  current  AAM  attitude  is  used  for  propagation. 

16.  The  precision  state  prediction  function  has  accuracy  com- 
parable to  that  of  the  precision  state  propagation  function, 
and  has  the  option  of  being  executed  in  a faster  (but  less 
accurate)  conic  mode. 

17.  Acceleration  models  include  attitude-dependent  drag  and 
venting.  Earth  gravity,  and  uncoupled  (RCS)  thrusting 
effects . 

18.  A one-state  vector  configuration  applies  during  all  navi- 
gation phases  in  operational  sequence  2 (and  8). 

19.  The  acceleration  due  to  lift  force  is  assumed  to  be 
negligible  in  the  atmospheric  drag  acceleration  model. 

20.  An  automatic  inflight  update  capability  will  be  provided 
by  which  the  ground  can  uplink  either  an  orbiter  or  a 
target  state  vector  (Ml 950)  and  associated  time  tag, 
during  any  navigation  phase  (rendezvous  or  non-rendezvous). 
The  following  additional  assumptions  apply  to  this  capability 

a.  The  ground  shall  uplink  one  vehicle  state  (3  position, 


L i 


3 velocity,  associated  time  tag,  and  vehicle  ID) 
at  a time. 

b.  The  onboard  software  receiving  this  data  (ground 
uplink  processor)  will  set  the  D0_AUT0JJPDATE  flag 
to  “ON",  test  the  vehicle  ID  to  determine  if  the 
uplinked  data  pertains  to  orbiter  or  target,  and 
set  up  one  of  the  following  two  variable  sets, 
depending  on  the  results  of  this  test 


iz. 


R GND 
GND 
T GND 


OR 


] yj'v_G 


R TV  GND 
_GND 
T TV  GND 


Orbiter  I T TV  GND  I Target 
V OVJJPLINKs  = ON^  Uplink  V TVJJPLINK  = ON'  Uplink 
c.  The  navigation  software  has  the  capability  of  re- 
initializing the  orbiter  and/or  target  state  vectors 

(and  associated  covariance  matrix)  in  a single  navi- 
. * 

gation  cycle. 


d.  If  a target  vector  is  uplinked  during  a non-rendezvous 
navigation  phase,  it  is  stored  for  eventual  use  in  a 
rendezvous  phase. 

e.  Whenever  an  orbiter  or  target  state  vector  is  re- 
initialized because  of  a ground  update,  all  correla- 
tions between  orbiter  and  target  vehicle  position  and 
vel ocity  errors  are  zeroed . The  respective  vehicl e 
(6x6)  position/velocity  submatrices  are  re-initialized 
using  presto  red  UVW  values  (or  .upl  inked)  UVV!  values.  All 


in-plane  correlation  terms,  and  a single  out-of-plane 
correlation  term  is  included  in  this  re-initialization 

21.  Propagation  of  orbiter  position  and  velocity  vectors 
will  be  performed  by  use  of  the  precision  integration 
scheme  (during  onorbit  and  rendezvous  coasting  flight 
navigation  phases),  and  by  use  of  the  super-G  inte- 
gration scheme  during  onorbit  and  rendezvous  powered 
flight  navigation  phases  and  during  the  TPF  station- 
keeping  navigation  phase.  Propagation  of  the  target 
position  and  velocity  vectors  will  be  performed  by  use 
of  the  precision  ifitegration  scheme  In  alj_' rendezvous- 
related  navigation  phases  (coasting,  powered,  and  TPF 
stationkeeping) . 

22.  Upon  entry  into  a rendezvous-related  navigation  phase 
from  a non-rendezvous-related  navigation  phase,  or, 
from  outside  of  OPS-2,  the  target  state  vector  will  be 
initialized  according  to  one  of  the  follov/ing  four 
options: 

a . Set  to  ground  up! inked  val ue  (predicted  to  current 
time), 

b.  Set  to  last  onboard  estimate  from  previous  rendezvous 
phase  (predicted  to  current  time), 

c.  Set  to  equal  to  current  orbiter  state,  or 

d.  Set  to  pre-mission  stored  values  (predicted  to 
current  time). 
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Option  c.,  above,  is  included  to  handle  the  current 
OFT  rendezvous  sequence,  in  which  target  and  orbiter 
actually  begin  in  a near  stationkeeping  configuration, 
separate,  then  rendezvous. 

23.  If  the  sensor  (including  IMU)  SOP's  are  not  in  the 
same  GPC  as  the  navigation  filter  software: 

a.  Data  and  time  tag  must  be  preserved  as  a pair, 

b.  ICG  (inter  computer  communication)  transmission 
of  data  must  be  pairwise,  and 

c.  ICC  transmission  rate  must  be  fast  enough  such  that 
the  data  time  tag  and  "current  time:  (in  MAV  GPC) 
differ  by  no  more  than  TBD  seconds. 

If  the  sensor  SOP's  and  navigation  filter  reside  in  the 
same  GPC: 

a.  Data  must  be  time  tagged,'  and 

b.  Data  must  be  no  more  than  TBD  seconds . 

The  next  FSSR  input  to  the  onorbit-1  (non-rendezvous , phase 
4)  requirements  will  be  on  17  December  1976. 


RENDEZVOUS  SOFTWARE  CHANGE  LOG 


(22  Octi 


SECTION  NO. 
1.0 


APPLICABLE  DOCUMENTS 
OVERVIEW 

DETAILED  REQUIREMENTS 

Navigation  and  User  Para- 
meter Sequencer  Principal 
Functions 

4.1.1  I Onorbit/ Rendezvous  Nav- 

igation Sequencer 


4.1.2  Onorbit/Rendqzvous  User 


Parameter  Processing 
Sequencer 


1976) 


DESCRIPTION  OF  CHANGE 

Revise  list  of  assumptions  to 
incllude  recent  rendezvous 
design,  25  June  1976  onorbit-1 
F$SR|  input  change-page  document 
changes,  and  requirements  for 
OPS-8  and  checkpoint  resulting 
from  the  recent  ascent/onorbit 
mode  team  meeting;  add. page 
change  notice 

(to  be  provided) 

(to  be  provided) 

Minor  word  changes  to  reflect 
addition  of  PHASE  4A  require- 
ments (rendezvous) 

Minor  word  changes  to  reflect 
single  computer  load  FSSR 


Modifications  to  include  rend-  ^ 

ezvous'  requirements;  slight  ; 

logic  re-structuring  and  initial-  i 

izing  procedure  to  take  advan- 
tage of  software  eomnohality  i 

between  onorbit  and  rendezvous  J 

functions;  incorporate  covariance  j 

re-i ni ti al i zati on  modul e , for 
use  by  both  onorbit  & rendezvous 
software  for  sequencer  initial-  * 

ization  and  ground  updates;  add  I 

logic  to  operate  during  QPS-8;  j 

and  initialization  into  OPS-2  ; 

from  a CHECKPOINT:  section  re-  ; 

numbered  I 

_____ ^ 

Section  renumbered;  update  to  I 

provi de  scheduling  requirements  I 

for  onorbit  user  parameter  | 

cal cul ations  and  to  refl ect  g 

•changes  in  scheduling  require-  fj 


^1'  - I I.  . . ^ i . ) 

"i ' ' ':  . 


SECTION  NO. 

; :..  . 1 ■ ' ■ ■ , 

SECTION  TITLE 

DESCRIPTION  OF  CHANGE 

1 

. i , . 

I 

!"  - 

Sub functions  Common  to 
Several  Navigation  Prin- 
cipal Functions 

ments  for  onorbit  user  parameter 
State  propagation 

Change  title  of  section  to: 

"Subfunctions  Common  to  Several  • ■ 

Navigation  Functions".  Change 
wording  to  allow  requirements  to 
be  written  in  this  section  which 
are  1.  common  to  two  or  more  nav- 
agation  principal  functions,  or 
2.  common  to  two  or  more  navigation 
subfunctions  (either  within  the  same 
principal  function,  or  from  different 
principal  functions) 

4.2.1 

State  Propagation 

Minor  word  changes  reflections  - 
outline  change  to  single  onorbit-  ? 
operations  computer  load  FSSR 

4.2. 1,1 

IMU  Data  Snap 

Minor  word  changes  reflecting  out- 
line change  to  a single  orbit  op- 
erations computer  load  FSSR  (single- 
string  snap  only) 

4.2.1. 2 

Acceleration  Models 

Minor  word  changes  reflecting  out- 
line change  to  a single  orbit  ' 

operations  computer  load  FSSR 

4.2.1.2.1 

4.2.1.2.2 

4. 2. 1.2. 3 

Gravi ty  ] 

Drag 

Venting  and  Uncoupl ed 
RCS  Thrusting  \ 

These  are  new  sections  added  to 
the  "common  subfunction"  section, 
since  they  are  Comnon  to  both  on- 
orbit  navi gation  and  rendezvous 
navigation  principal  functions... 
previously  documented  directly  under 
onorbit  navigation  state  propagation; 
also  fix  error  in  attitude  model 

4.2. 1.3 

Integration  of  State 
Equations  of  Motion 

Minor  word  changes  ref 1 ecti ng  out- 
1 ine  change  to  a single  orbit 
operations  load  FSSR 

1 4.2. 1.3.1 

Super-g 

Section  added  as  per  outline 
change,  and  to  be  common  element  • . • 
for  onorbit  and  rendezvous  naviga- 
tion state  propagation . 
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SECTION  NO. 

SECTION  TITLE 

DESCRIPTION  OF  CHANGE 

4. 2. 1.3. 2 

Precision 

Correct  errors,  bring  requirements 
up  to  date  based  on  25  June  1975 
onorbit-1  FSSR,  and  recent  rend-  ’ 

ezvous  design  ' 

i ‘ 4.2.2 

: 1 ■ ■ ^ ^ ^ ■ ■ ' 

Covariance  Matrix 
Propagation 

New  section  describing  revised 
mean-conic-partial  techique  for 
propagating  covariance  matrix  for 
both  onorbit-1  and  rendezvous 

4.2.3  \ 

: ]■  ....  . ..  ■ 

State  Vector  Inter- 
polation 

New  section  describing  rendezvous  1 

measurement  requirements  for  state 
vector  interpolation. 

' 4.2.4  ' ■ ^ ^ 

i ■ 

■ i.  . ^ 

State  and  Covari ance 
Measurement  Incorporation 
(Kalman  Filter) 

New  section  describing  revised 
Kalman  fi Iter  equations  for  use 
during  rendezvous  navigation 

: , 4.2.5\'^' ■ 

Ground  Updates  (auto  in- 
flight) 

New  section  describing  revised 
auto  inflight  update  requirements 
for  both  orbiter  and/or  target 
vector  uplinks 

■ 4.2.6; 

; j.  ■;  v 

. i'  ' ■ ^ ^ ' '■  . ■ ' ' ' : 

i . : — 

Angl e Measurement  Partial 

New  section  describing  common  ' : 

requirements  to  several  rendezvous 
navigation  subfunctions  dealing 
with  Kalman  filter  angle  measure- 
ment observation  parti als 

U;,;  / 4.2..7; 

;j:,„ . ■'  ■ ' ' ; 

M-::  ■ ■ ■ ■;  ■ ' ' ■ ■ 

: i;  ■ ■ ■ . . ■ 

• 1 ■■  :■  ■ . ■ ■ ■ ■ 

Conic  Sol ution  (F  and 
G Series) 

; ■ ^ ■ ■ . ■ 

■■  ■ ■■  ' 

New  section,  documenting  common 
requirements  for  conic  (orbital 
2-body  problem)  solutions  used  in 
. precision  state  propagation/pre- 
diction  (Pines  Method), 

. mean-coni c parti als  technique  J 

(currently  proposed  for  transit! on  ; 

matrix  generation  associated  with  ' 

onorbit  & rendezvous  covari ance 
matrix  propagation,  and  ‘ 

. rendezvous  state  vector  inter-  ■ 

polation 

1 4.2.8 

j ..- 

1.'  '.  . . . ' ' ' ' ■ ■ 

' ! 

! ' ' ■ : ;■ ; ' ■'  ...■  " ' 

Position-Velocity  Sub- 
matrix of  State  Trans’i  - 
tion  Matrix 

New  section,  documenting  onorbit/  j 

rendezvous  requirements  for  comput-  J 

ing  transition  matrix,  for  use  in 
covariance  matrix  propagation  (note:  1 

. this  technique  is  proposed  to  replace  ; 
old  onorbit-1  technique),  and  invol- 
ves use  of  "mean  coni c parti als" 

” ; SECTION  NO. 

SECTION  TITLE 

DESCRIPTION  OF  CHANGE 

' 4.2.9 

• ■*  - 

Covariance  Initial ization 

New  section  describing  require- 
ments for  initializing  a 6X6 
covariance  matrix  from  prestored  • j 

UVW  standard  deviations  and 
correlation  coefficients  .. . used 
for  both  ground  upda'tes  and  sequencer 
initializations 

4.3 . ■ 

Navigation  Processing 
Principal  Functions 

Minor  word  changes  ref 1 ecti ng  out- 
line change  to  a single  orbit 
operations  load  FSSR 

4.3.1 

Onorbit  Navigation 

Minor  word  changes  to  descri be 
capability  to  update  target  state 
vector  during  onorbit  navigation 

add  principal  function  I/O  table  ; 

- ■ . - : .....  - - 

' ■.  4.3.T.1 

Onorbit  Control 

No  changes  required  except  for 
secti oh  number;  i ncl uded  f or 
document  completeness 

■ 4.3.1. 2 

State  and  Covariance 
Setup 

Make  consistent  with  latest  onorb-it/ 
rendezvous  design  (i.e,  allow  uplink 
of  either  orbiter  or  target  state) 

4.3.1. 3 

state  Propagation 

Make  consistent  v/ith  latest  onorbit/ 
rendezvous  design;  refer  to  "com- 
mon subfunction  sections for  detailed 
requirements  of  tasks: 

. IMU  data  snap 
. acceleration  models 
. integration  of  equations  of  moti on 
. propagation  of  biases 

1 ■:/  :4.:3.i.:4: 

Covariance  Matrix 
Propagation  I 

Changes  to  make  consistent  with  re- 
cent rendezvous  design 

-,i  y.'.-r-  ' ' — - -- — ■T— n 1 x-  - -i  ' ^rir— - 

Rendezvous  Navigation 

New  section  describing  overall 
subfunctions  under  the  rendezvous  ! 

navigation  principal  function  ; 

i i'  ^ - • ' h'  ■ ^ 

Rendezvous  Control 

New  section  identifying  navigation 
executive  logic  during  rendezvous  & 

TPF  stationkeeping  phases  ’ | 

e ■ 1"  ■:  '■ ■ 

External  Sensor  Data 
Snap 

9 

New  section  describing  data  snap 
requi rements  duri ng  rendezvous 
. navigation  P-.F.  operation  (rend- 
ezvous radar,  star  tracker,  and  COAS) 
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1 • 

; SECTION  NO. 

SECTION  TITLE 

DESCRIPTION  OF  CHANGE 

jV'.''  V 4.3. 2. 3 ;. 

!'  ' ' ■ ' 

Sensor  Measurement’ 
Selection 

■ ■ ' '■  ' ' ' '■  ■'  ' ■ ■ ' ’ , ■ ' ’ 

New  section  describing  sensor  . 
selection  of  angles  data  (star 
tracker,  COAS,  & rendezvous  radar)  • 
independent  of  radar  r^nge  & range  ; 

rate 

4.3'.2.4';:. 

i ■ ■ ;;  „■ 

.i 

1 ' 

J ■■ 

State  and  Covariance 
Setup 

New  section  header  describing  re- 
configuration of  state  and  covariance 
because  of  measurement  reconfigurar. 
tion  or  ground  update  for  rendezvous 

.4.'3,2.4.1 

l;  : 

Measurement  Reconfig- 
uration 

New  section  describing  require-' 
ments  for  state  and  covariance 
reinitialization  as  a result  of  a 
new  sensor  measurement  configura- 
tion 

■,'.4.3.2.4.2 

Auto  In-Flight. Update 

New  section  describing  requirements 
for  State  and  covariance  reinitial- 
ization as  a result  of  either  orbiter 
and/or  target  ground  update  during 
rendezvous 

f'' : .A.3.2.5  : 

State  Propagation 

New  section  describing  requirements 
for  orbiter  & target  state  vector 
propagation  during  powered  and 
coasting  flight  arcs  of  rendezvous 

''■■'.'v' ■'  4.3v2.6'' ' 

. . ■ ■ ■ ■./  . ■ ■ ■■  . ; ■■■  ■ ■ 1 
,.i  . V . V ■■  . ■ i 

■ [ ' ■■  ■ : ■ . . 

Covariance  Matrix 
Propagation 

New  section  describing  requirements 
for  powered  and  coasting  flight 
covariance  matrix  propagation  during 
rendezvous  navigation  phases 

State  and  Covariance 
Measurement  Incorpor-- 
ation  • 

New  section  header  describing  require- 
ments for  state  and  covariance  filter 
updates  during  rendezvous 

Rendezvous  Radar  Range 

New  section  requirements  for  cal- 
culation of  Kalman  filter  partial 
vector  & residual  for  rendezvous 
radar  range  measurement 

1 4. 3,2. 7. 2 

Rendezvous  Radar  Range- 
Rate 

New  section  requirements  for  cal- 
culations of  Kalman  filter  partial 
vector  & residual  for  rendezvous 
radar  range-rate  measurement 

:■■■■■  • . 1-13  : • 

SECTION  NO. 

SECTION  TITLE 

DESCRIPTION  OF  CHANGE 

• ; 

I 4. 3.2.7. 3 

■ i ■ ■ ■ : • 

Rendezvous  Radar  Shaft 
Angle 

New  section  requirements  for  cal- 
culation of  Kalman  filter  partial 
vector  & residual  for  rendezvous 
radar  shaft  angle  measurement 

i ■ 4.3.2. 7, 4 

Rendezvous  Radar  Trunion 
Angle 

New  section  requirements  for  cal- 
culation of  Kalman  filter  partial 
vector  & residual  for  rendezvous 
radar  trunion  angle  measumient 

: 4.3.2. 7.5  : 

:j' 

’ i 

Star  Tracker  Horizontal 
Angle 

New  section  requirements  for  cal- 
culation of  Kalman  filter  partial 
vector  & residual  for  ’ . 

star  tracker  horizontal  angle  mea- 
surement 

: 4.3.2.7.6\: 

Star  Tracker  Vertical 
Angle 

New  section  requirements  for  cal- 
culation of  Kalman  filtpr  partial 
vector  & residual  star  tracker 
vertical  angle  measurement 

•j.  ";  . 4.3.2.7.7  ' 

? i 

■ !■  ■ ■ • ■ ■ 

GOAS  Horizontal  Angle 

New  section  requirements  for  cal- 
culation of  Kalman  filter  partial 
vector  & residual  for  COAS  horizontal 
angle  measurement 

if  4. 2. 2. 7. 8 ; 

',j\ ' 

CO AS  Vertical  Angle 

New  section  requirements  for  cal- 
culation of  the  Kalman  filter  • ■ 

partial  vector  & residual  for  COAS 
vertical  angle  measurement 

.ii':.:' 4..3.2.8';'^;-;-'; 

MeasureiTient  Processing 
Statistics 

New  section^modification  of  entry  | 
measurement  processing  statistics  j 
requirements  to  satisfy  unique  ■ 
onorbit  display  requirements;  in-  [ 
elude  "target  confirm"  logic  (pre-  . » 
viously  done  in  ST  SOP).  | 

4.4  ' i' ;; 

Subfuncti ons  Common  to 
Several  Navi  gation 
Rel ated^Pri ncipal  Func- 
tions (Coordinate  Trans- 
formations) 

(this  header  and  all  subsections 
4.4.1  through  4.4.9  will  be  pro-  | 

•vided  at  a later  date)  | 

,v  ■ ■ V V. 

• . 4.5 

General  Requirement  Prin- 
cipal Functions 

Minor  modifications  (new  FSSR  : 

structure)  ; 
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SECTION  NO.  . 

SECTION  TITLE 

DESCRIPTION  OF  CHANGE 

1'  p 4.5.1 

Site  Lookup 

(to  be  provided) 

4.5.2 

1 

Onorbit  Precision  State 
Prediction 

Correct  errors;  and  general iy 
bri ng  requi  rements'  up  to  date 
based  on  25  June  1976  onorbit-1 
FSSR  input,  and  recent  acceler- 
ati on  model  changes 

^ ^ 4.5.3 

■ j ' 4.5.3..1 

; 4.5.3.2 

Star  Tracker  SOP 
Ephenierides 
Solar  Ephemeris 
Lunar  Ephemeris 

1 

(to  be  provided) 

4.6 

User  Parameter  Process ~ 
ing  Principal  Function 
(onorbit) 

New  section  describing  subfunctions 
within  the  onorbit  user  parameter 
processi ng  principal  function 

"4.6.1 

User  Parameter  State 
Propagation 

New  section  describing  requirements 
for  user  parameter  state  propaga- 
tion as  per  recent  rendezvous  design; 
change  integration  method  from 
fixed  - G to  average  -G  as  per  recent 
ascent/onorbi t mode  team  discussion 

; 4.6.2 

Onorbit  User  Parameter 
Calculations 

New  section  describing  CRT  display 
■requirements  for  onorbit  and 
rendezvous  . 

■P-  ; • . ■ 4.7  '■  • ■ 

■■  i . 

’ ■■  ■■■*.■ 

Specialist  Functions  ‘ 
Navigation  Support 
Formulations 

. ' 

(to  be  provided) 

4.8  ' ; 

■ "■  ■ ■ ■ ' 

■ \ ' 

I-Load  Requirements 

(to  be  provided. . .will  contain 
essence  of  old  "CONSTANTS"  section) 

Down  List  Requi rements 

(to  be  provided) 

; ; Appendix  A 1 

Navi gati on  Vari abl e 
Names  & Descriptions 

Revise  complete  variable  list  for  ; 

orbit-operations  computer  1 oad  | 

^ 1 Appendix  B 

'■  r-,'".'  ■;  • : 'I 

■'  l '-  '-  " : ..  ■ ■ ' 

; ^ ; ' I 

’ ■ r ' ■ ’ - ' ' \ 

Navigation  Sequencer 
Principal  Functions  and 
Navi gati on  Processi ng 
Principal  Function  Flow 
Charts 

Revise  table  of  contents  to  contain 
list  of  latest  onorbit  and  rendezvous  ? 
flow  charts : i ncl ude  all  orbit  op-  j 

erations  load  flow  charts  f 

! 
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SECTION  NO. 

SECTION  TITLE 

_ . . _ . i 

DESCRIPTION  OF  CHANGE 

i . Appendix  C 

!'■  • ^ ’ ’ 
i'  i'  ■ 

General  Requirement 
Principal  Function  Flow 
Charts 

Revise  table  of  contents  to 
contain  list  of  latest  o^>i5it 
and  rendezvous  flow  charts;  in- 
clude only  flow  chars  and  vari- 
able names  for  predictor  software 
...  coordinate  system  flow  charts 
i and  definitions  to  be  provided 
later 

1 Appendix  D 

; i.  ■ 

User  Parameter  Flow 
Charts,  Variable  Names, 
. and  Descriptions 

Provide  revised  table  of  contents 
variable  list  and  flow  charts  for 
orbit  operations  load  ...  in  the 
area  of  user  parameter  processing 
functions. 

i Appendix  E 

Specialist  Function 
Navigation  Support  Flow 
Charts , Variabl e Names , 
and  Descriptions 

(to  be  provided) 
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4.0  DETAILED  REQUIREraTS 

The  various  subsections  of  this  section  specify  the  detailed 
requirements  for  the  Shuttle  navigation  system  flight  software 
package.  This  document  contains  OFT  detailed  requirements  for 
navigation  and  user  parameter  processing  principal  functions  , 
for  the  orbit  operations  computer  load  (on-orbit  and  rendezvous) 
operational  sequence  2.  In  addition,  requirements  dealing  with 
navigation  software  functions  during  operational  sequence  8 and 
in  association  with  checkpoint  storage  and  retreival  are  also 
addressed. 

When  viewed  in  the  larger  context  of  the  total  shuttle  flight 
software,  the  nav.igation  software  package  documented  herein  is, 
itself,  a modular  system  whose  function  is  to  supply  various 
parameters  required  by  other  major  modular  systems  such  as  ; 
guidance,  displays,  flight  control,  and  others.  The  require- 
ments placed  upon  the  navigation  system  by  these  various  users 
often  play  a large  role  in  determining  the  design  structure 
and  cyclic  rate  structure  of  the  navigation  system.  The  re- 
quired interfaces  between  the  navigation  system  and  the  other 
major  software  systems  that  use  navigation  system  data  are 
presented  in  the  Level  B CPDS  document  which  controls  all  the 
interfaces  between  principal  functions. 
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4>1  NAVIGATION  AND  USER  PARAMETER  SEQUENCER  PRINCIPAL  FUNCTIONS 

The  sequencer  principal  functions  shall  initialize  and  sequence 
the  proper  navigation  and  user  parameter  principal  functions  to 
meet  navigation  and  user  requirements.  For  OFT,  there  shall  be 
one  navigation  sequencer  principal  function,  and  one  user  para- 
meter sequencer  principal  function  that  control  navigation  and 
user  parameter  principal  functions  during  operational  sequence 
2 (orbit  operations  computer  load). 

navigation  sequencer:  on-orbit/ rendezvous  navigation 

sequencer 

user  parameter  sequencer:  on-orbit/rendezvous  user 

parameter  processing  sequencer 


4.1.1  Onorbit/Rendezvous  Navigation  Sequencer 


The  onorbit/rendezvous  navigation  sequencer  principal 
function  shall  initialize  and  sequence  the  onorbit  naviga- 
tion and  rendezvous  navigation  principal  functions  during 
operational  sequence  2 (ops-2),  while  the  following  major 
modes  are  active: 

MM  201 , orbit  coast 

MM  202,  (orbit  coast)  maneuver  exec. 

MM  211 , rndz.  nav. 

MM  212,  (rndz.  nav.)  maneuver  exec. 

MM  213,  TPF  stationkeeping  - 

The  onorbit/rendezvous  navigation  sequencer  principal 
function  shall  also  initialize  and  sequence  the  onorbit 
navigation  principal  function  during  operational  sequence  8 
(ops -8,  orbital  operation  checkout) . 

Detailed  requirements  for  each  navigation  processing 
principal  function  are  identified  in  the  specific  principal 
function  description  sections  (4.3.1.  and  4.3.2).  Cues  for 
performing  the  proper  navigation  initialization  and  sequencing 
during  ops-2  and  ops -8  are  defined  in  the  Level  B-GN&C  CPDS. 

The  particular  events  and  resulting  navigation  software  actions 
pertaining  to  the  onorbit/rendezvous  navigation  sequencer 
principal  function  are  shown  in  Table  4. 1.1-1.  Dynamic  para-  ' 
meter  input/output  data  flow  between  the  onorbi t/rendezvous 


navigation  sequoncer  principal  function  and  other  principal 
functions  is  shown  in  Tables  4.1 .1-2  and  4. 1.1-3. 


TABLE  4.1.1 >1  - ONORBIT/RENDEZVOUS  NAVIGATION 

SEQUENCER  EVENTS 


EVENT 

NUMBER 

EVENT 

NAME 

NAVIGATION 

CRITERIA 

NAVIGATION 

ACTION 

60 

^ C- 

^ !g; 

^ S ’ 
og 

transition  to  MM  201 
from  MM  107 
(ops  - 1) 

"ops  201  pro" 

Call:  Ops. 2_pr3  INITIALIZE  • 

Call:  Onorbitj£OVINITJ)VW 

Set:..  REND. NAV_f LAG  = OFF,  USE  IMU  DATA=0FF 

Signal:  0PS_2_DR^_INITIALIZE  COMPLETE 

S6tC 

PWRD-_FLT_NAV  = OFF 

Schedule:  NAVJ)NORBIT;  repeat  every  DTJ)NORBIT _NAV 

60IK 

tran  s i t i on  to  MM  201 
from  GN&C  ops-8 

"ops  201  pro" 

i ■■■  . ■ ■ 

Call:  0PS_2_DR^JNITIALIZE 

Call:  0N0RBIT_C0VINIT 

Set:  REND_NAV-_f LAG  OFF,  USE  IMU  DATA  = OFF 

Signal:  0PS_2_DR_8_JNITIALIZE  COMPLETE 

Set: 

PWRDJLT_NAV-=  OFF 

Schedule:  NAVJDNORBIT;  repeat  every  DT_0N0RBITJNAV 

60B 

transition  to  GN&C 
ops-8  from  MM  201 
TERMINATE  OPS-2  | 

(refer  to  VU, 
iBVel  B CPIJS) 

I ■ 

Store  selected  parameters  in  protected  memory 
locations  for  use  by  ops-8-or  ops-3  navigation 
seouericer  principal  functions.  . 

JABLE  4:1 .1-1  - ONORB5T/RENOEZVOUS  NAVIGATION 
‘ SEQUENCER  EVENTS 


EVENT 

NUMBER  i’  • 

EVENT 
NAME.  : 

• 

'navigation 

CRITERIA 

61 

. V : 

i'":' :/  ■ ^ 

O'  ' 

■ :■  - " V ' ' 

■ 

transition  to  MM  201 
from  MM301: 

(ops-  3) 

"ops  201  pro" 

64 

; Q 

f 5 
3s  : 

transi ti on  to  MM  211 
from  MM  201 

"ops  211  pro" 

■ 

65  • . 

transition  to  MM  201 
from  MM  211  ^ 1 

"ops  201  pro" 

1 ' —• — ■ ■ — — •* 

NAVIGATION 

ACTION 


(same  as  for  event 


Cancel 
Call : 
Bet: 


Execute: 

Schedule: 


NAV_ONORBIT 
TARGET_NAV_INIT 
USE_IMUJ)ATA_  = OFF 
PWRD_FLT_NAV  = OFF 
USE_MEAS_pATA  = ON  i 
TARG_VEG_AVAIL  = ON 
DISPLAY_COUNr  INIT  (<'ODE)  ' 

NAV_RENDEZVOUS;  repeat  every 

dt  rend  nav 


Cancel:  NAV_RENDEZVOUS 

Set:  REND_NAV_FLAG_  = OFF 

• TJV  = TCURREN1JT:ET 
USE_IMU_DATA  = OFF 
PWRD  FUJ^AV  = OFF 

Schedule:  NAVJDNOlBrT;  repeat  every  DT_ONORBIT_NAV 


f OT 

I ‘ 

I 


TABLE  4.1 .1-1  - ONORBIT/ RENDEZVOUS  NAVIGATION 
"r  ^ SEqUENCER  EVENTS 


EVENT 

NUMBER 


66 


EVENT 

NAME 


trans 1 ti on  to  MM  21 3 
from  MM  201 


NAVIGATION 

CRITERIA 


“ops  213  pro" 


NAVIGATION 

ACTION 


Cancel : NAVONORBIT 

Call:  TARGET_NAV_INIT 

Set:  PWRDJFLT  NAV  = ON 

USEJ1EAS"DATA  = ON  - 
TARGETJ/ECJWAIL  = ON  • 
Schedule:  NAV_RENDEZVOUS;  repeat  every 
DT  REND  TPF  NAV 


68 


initiate  powered 
fl i ght  navigation 


TB7  y(sec.) 

(y  seconds 
prior  to  a burn 


if  in  rendezvous  powered  flight  navi gatien  phase 
(i.e..  if  REND_NAV_FLAG  = ON) 

Cancel:  NAV_RENDEZVOUS 

Set : ^ ^ ^ ^ 

Schedule:  NAV_RENDEZVOUSv  repeat  every 

OT-  REHD-PWRD-PUT 

if  in  onorbit  powered  f 1 i ght  navigation 
phase  (i.e.,  REND  NAV_FLAG  = OFF): 


Cancel:  NAVJDNORBIT 

Set:  PWRD_FLT_NAV_=  ON 

Schedule:  NAVJ3N0RBIT;  repeat  every 

DT  ONORBIT  PWRD  FLT 


1 


EVENT 

NAME 


NAVIGATION 

CRITERIA 


transition  to  MM  201 
from  MM  202  : 


transition  to  MM  211 
from  MM  107  - 
(ops-1)  


transition  to  MM  211 
from  MM 


■'ops  201  pro" 


"ops  211  pro" 


"ops  211  pro" 


ZVOUS  NAVIGATION 
EVENTS 


NAVIGATION 

ACTION 


Cancel : 

NAV  ONORBIT 

' ■ ^ 

Set: 

USE  IMU  DATA- 

= -0PF 

PWRD  FLT_NAV 

= OFF 

Schedule: 

NAVJDNORBIT; 

repeat  every  dT_ONORBIT  NAV 

Call:  0PS_2_0R_8_INITIALIZE 

Call:  ONORBIT_COV1NIT  UVW 

Call:  TARGET JAV_INIT 

Set:  USE  IMU£_DATA  ==  OFF  ’ 

Signal : OPS_a_0R  8INIT1ALIZE  COMPLETE 

Set:  PWR‘D_FLT_NAV  = OFF 

TARGJ/ECJWAIL  = ON 

Execute:  DISPLAY_C0UNT::INIT  (CODE)  ^ 

Schedule:  NAV_RENDEZVOUS;  repeat  every  DT  REND  NAV 


Cancel : 
Set: 


Execute: 

Schedule: 


NAV_RENDEZVOUS 
USE_IMU_DATA  ^ OFF 
PWRD_FLT_NAV  = OFF 
USE_MEASJ)ATA  = ON 
•TARG_VEC_AVAIL  = ON 
•DISPLAY_GOUNT_INIT  (CODE) 
NAV_RENDEZVOUS;  repent  every 
DT  REND  NAV 


TABLE  4. 1.1-1  - ONORBIT/RENDEZVOUS  NAVIGATION 

SEQUENCER  EVENTS 


o 

CO 

transition  to  MM  201 
from  MM  213 

"ops  201  pro" 

(same  as  for  event  #65)  . ' - — - 

81 

Checkpoint  compl ete 
(entry  into  MM  201 
from  ops-0) 

Checkpoint 
complete  and 
successful 

Execute;  CHECKPOINT  INIT  (CODE) 

Call:  0PS-2-0R  8 INITIALIZE 

Call:  ONORBIT  COVINIT  UVU 

Set:  • REND  NAV  FLAG  = OFF,. USE  IMU  DATA  = OFF 

Signal:  OPS  2-OR  8 INITIALIZE  COMPLETE 

' 

50ti  — - • - ^ . 

r'  ’ PWRD  FLTlNAV  = OFF  . — 

Schedule:  NAV  ONORBIT ; repeat  every 

DT_CNORBIT_NAV 

82 

transition  to  Mti  213 
from  MM  211 

"ops  213  pro: 

(same  as  for  event  #79) 

TABLE  4. 1,1-1  - ONORBIT/RENDEZVOUS  NAVIGATION 

SEQUENCER  EVENTS 


• EVENT 
NUIIBER 

^ V V ' EVENT 
; V NAME: 

NAVIGATION 

CRITERIA 

NAVIGATION 

ACTION 

El 

transition  to  MM  301 
from  MM  201 
TERMINATE  OPS- 2 

"ops  301  pro" 

(same  as  for  event  #60B) 

JTBD) 

begin  inhibiting 
incorporation  of 
external  measurement 

TB7  (sec.) 

(x  seconds  prior 
to  a burn) 

Set:  USE_MEAS_DATA  = OFF 

test  to  see  whether  event  #68  has  occurred, 
and  take  appropriate  action  (see  above  table 
' entry)...  both  event  #68  and  this  TBD  event 
may  occur  simultaneously  • 

: THE 
50 

FOLLOWING  EVENTS  PERTA 

t ran  si  ti  on.  to  GN&C 
1 ops-8  from  MM  106 
lops- 1) 

IN  TO  SEQUENCER  FUNCTIO! 

(refer  to  VU 

level  BCPDS)  • ' 

i ' ' ' ' ' ' ' ' ' ’ ' ' ' ''  ' 

IS  DURING  OPS-8 

■Call;  OPS  20R  8INITIALIZE 

Call:  ONORBIT  COVINIT  UVW 

Set:  USE  IMU  DATA  = OFF 

Signal:  OPS” 2 OTT  8 INITIALIZE  COMPLETE 

Set:  REND  NAV  FLAG  = OFF 

PWRD_FLT_NAV  = OFF 

Schedule:  NAV”0N0RBIT ; repeat  every 

DT_0N0RBIT_NAV 

60A 

transition  to  MM  201 
from  GN&C  ops-8 
TERMINATE  OPS-8 

"ops  201  pro" 

store  selected  parameters  in  protected  memory 
locations  for  use  by  ops-2  navigation 
sequencer  initialization  functions. 

TABLE  4 .1 .1 -1  - GNORBIT/REMDEZVOUS  NAVIGATION 
. ^ SEQUENCER  EVENTS 


EVENT 

NUMBER 


EVENT 

NAME 


NAVIGATION 

CRITERIA 


NAVIGATION 

ACTION 


transition  to  6N&C 
ops-8  from  MM  201 
(ops-2) 


(refer  to  VU 
level  B CPDS) 


Call: 

Call: 

Set: 

Signal 

Set: 


0PS_20R  8 INITIALIZE 
ONORBIT~COVlNITHJVW 
USE_IMU_DATA  = .OFF 
6pS_2_0R_8  INITIALIZE  COMPLETE 
REND_NAV_FLA6  = OFF 
PWRD_FLT_NAV  = OFF 

NAV_ONORBIT;  repeat  every  dT_ONORBIT_NAV 


TABLE  4,1 .1-2;  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER'  PRINCIPAL  FUNCTION  INPUT  LIST  - 


LEVEL  B “ 
MNEMON 

-TEVEL  G FSSR 
■ VARIABLE  name  : 

EXTERNAL  PRINCIPAL 
; FUNCTION  SOURCE 

INTERNAL  SUBFUNCTIQN  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 

, , * 

V 

TBD 

sUbfunction  * 

NAME 

subfunction 

INPUT  TABLE 

^ILT^ 

, Deorbi t Lndg  NAV  Se 

. ASC  NAV  Seq  ■ 

. Orb/Rnd  NAV  Seq (Ops 

-8) 

4.1.1  - 4 

V LAST  FTLT  INIT 

t^ast;^ 

. IMIl  RM  ' > 

, Deorbit  Lndq  NAV  Seq 
. ASC  NAV  Seq 
. Orb/Rnd  NAV  Seq  (Ods-8) 

^;4.1.1  - 4 . 

■ ■ ■ ■ ■ , ' 

: E^NIT.  ■ : ■ 

; Deorbit  Lndg  NAV  Seq  ■ 

. Orb/Rnd  NAV  Seq  (Ops -8) 

4,1.1  - 4 

TARGVEC  AVAIL 
: R_JV  “ ■ 

■ V>  TV.  -;  . 

. Onorbit  Navigation 
.REND  Navigation  . 

4.1. 1-4 

MRRENTJ'ILT 

, REND  Navigation 

■ ' ' ■ ! 

4.1.1  - 4 ’ 

: R CHEGKJ^T'^  ' ^ 
rCHECK  PT 

. CHECKPOINT  SPEC  FCm 

4.1.1  - 4 

* THIS  PRINCIPAL  FUNCTION  CONTAINS  NO  SUB-FUNCTIONS  ’ 


LEVEL  B 
MNEMOH 


LEVEL  C FSSR 
VARIABLE  NAME 


0PS_2  0r_8 
InitiiTlize  Comp. 

R FILT 
FTILT 
n AST  FILT 
riASTTlLT 
E“  ” 

REND  NAV-  FLAG 
■ PWRDTLTTNAV 
SQR-IMU  ~ 

c-m-m 

* S~MN“AN 
CTMX"AN  ^ 
STMX“"AN 

^NT^HRUST_RIAS 


USE-MEAS-DATA 
R TV 
FTV 
G TV 


TABLE  4,1 .1-3:  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER'  PRINCIPAL  FUNCTION  OUTPUT  LIST 


LEVEL  B 

LEVEL  C FSSR 

EXTERNAL  PRINCIPAL 

INTERNAL  SUBFUNCTION  bESTINATTON 

MNEMON 

VARIABLE  NAME 

FUNCTION  SOURCE 

— : — —i 

(SUBFUNCTIiONS  WITHIN  THIS  PRINCIPAL 
“ function  which  utilize  the  VARIABLE) 

SUBFUNCTION 

NAME 


SUBFUNCTION 
INPUT  TABLE 


I^CCEPT 
N;  REJECT 
ACCEPT 
^CTREJECT 


USEi,IMlJUDATA 


R RESET 

•_^ESET 

^IMUjlESET 

T_RESET 

FILI_UPDATE 

^V-RESET 

\A_T\URESET 


OILTLINIT 

^FILT-INIT 

^LAST-FILTL-INIT 

TU.AS'L-FIL'IL-INn 


E I NIT 


Rendezvous  Navigation 


4,1,1  - 5 


Onorbit  Navigation 
Rendezvous  Navigation 
Onorbit  USER  PARAM 
PROC 


Onorbit  USER  PARAM 
PROC 


Deorbit  Lndg  NAV  SEQ 
Orb/Rnd  NAV  SEQ  (Ops-8) 


THIS  PRINCIPAL  FUNCTION  CONTAINS  NO  SUB-FUNCTIONS 


A.  Detailed  requireinents.  For  OFT  orbital  operations 
(ops_2  and  opsJB),  navigation  requirements  can  be  divided 
into  five  navigation  phases:  onorbit  coast,  onorbit  po- 

wered flight,  rendezvous  coast,  rendezvous  powered  flight, 
and  TPF  stationkeeping. 

1.  Onorbit  coast  navigation  phase  - This  phase  shall 
use  the  onorbit  navigation  principal  function  and  shall  be' 
active  during  operation  of  major  mode  201 , and  during  operation 
of  the  orbital  checkout  operational  sequence  (ops-8).  The 
onorbi t coast  navigation  phase  shall  begin  in  one  of  the  fol- 
lowing ways: 

. Entry  into  MM  201  from  ops-3  or  ops-8  (events  61 
^ or  60A,  respectively, 

. Entry  into  MM  201  from  ops-1  or  ops-0,  via  check- 
point (events  60  or  81,  respectively, 

^ Entry  into  MM  201  from  MM  202  (event  73), 

. Entry  into  MM  201  from  MM  211  or  MM  213  (events 

65  or  80,  respectively), 

. Entry  into  6N&C  ops-8  from  ops-1  (event  50) , or 

. Entry  into  GN&C  ops-8  from  ops -2,  MM  201,  event 

60B) 

If  the  onorbi t coast  navi gatipn  phase  is  begun  by 
entry  into  MM  201  from  ops -3  or  ops-8  (events  61  or  GOA, 
respectively),  the  onorbi t/rendezvous  navigation  sequencer 
principal  function  shall  provide  the  capability  to  initia- 
1 ize  the  orbiter  state  vector,  covariance  matrix,  and  other 


required  navigation  parameters  on  the  basis  of  prestored 
computer  locations  unaffected  by  the  computer  program 
memory  Toad  reconfiguration.  The  following  sequence  should 
be  followed: 

1.1.1  - initialize  orbiter  position  and  velocity  vectors 
and  time  tag 

RJILT  = ^ILTJNIT 
V_FILT  = \LFILT_INIT 
T_LAST_FILT  = T_LAST_FILT_INIT 

1.1.2  - initialize  accumulated  IMU  velocity 
V_LAST_FILT  = ^LAST_FILTJNIT 

1,1.3  - initialize  those  parameters  required  by  the  user 
parameter  state  propagation  subfunction  (section  4.6.1). 
FyiESET  = R_FILT_INIT 
IRESn  = 1_FILT_INIT 
yjmjESir  U-i^sjjiiijniT 
lyiESET  = TJ.A$TJILT^NIT 
FILIJJPDATE  > ON 

1 .1 .4  - initialize  other  parameters  as  required  for  the 
onorbit  navigation  principal  function 

VENTJTHRUSTJIAS  = 0. 

SQR_EMU  = SQRT  ( EARTH  44U) 

C_MX_AN  = COS  (MAXJ3ENS_ANGLE) 

SJ1X_AN  = SIN  (MAX_DEN5J\NGLE) 

C_MNJ\N  = COS  (MIN__DENS_ANGLE) 

S_MN„AN  = SIN  (MIN_CENSJ\N6LE) 

4.1.1-14 


1.1.5  - zero  the  total  19  x 19  dimensional  covariance 
matrix 

E • = 0 

1 to  1 9 , 1 to  1 9 

1.1.6  - initialize  the  diagonal  elements  of  the  co- 
variance  matrix  pertaining  to  unmodeled  acceleration  biases, 
to  premission  constants  ■ 

E,  . = COV  ACCEL  BODY  INIT 

" 1-6 

for  I = 7 to  9 

1 .1 .7  - compute  the  total  acceleration  vector  of  the 
orbiter  to  match  the  initial  state  at  the  time  T_LAST_FILT, 
for  use  in  the  covariance  propagation  subfunction. 

T0T_ACC  = ACCEL_PERT_ONORBIT  (GM_DEG,  GM_0RD, 

1,1,  0,  ^FILT,  y_FILT,  T_LAST_FILT) 

- EARTHJiU  ^FILT/  [R_FILT  f 

1 .1 .8  - initialize  the  6 x 6 orbiter  position/velocity 
portion  of  the  covariance  matrix  to  values  transferred  across 
the  memory  transition  from  ops  -3  or  ops  S. 

E = EJNIT 

1,0 

for  1=1  to  6, 0=1  to  6 

1.1.9  - set  a flag  indicating  to  subfunctions  of  the 
orbit  navigation  principal  function,  that  rendezvous  navigation 
is  de-activated, 

REND_NAV_FLAG  = OFF 

1.1.10  - and , set  a second  flag  indicating  that  IMU  data 
is  not  to  be  used  for  navigation  and  user  state  proj'agation 


4.1.1-15 


i 


s 


USE_IMU_DATA  = OFF 

1.1.11  - signal  that  the  proper  initialization  has  been 
accomplished  to  alloy/  the  onorbit/ rendezvous  user  parameter 
processing  sequencer  principal  function  to  be  scheduled 

SIGNAL:  0PSJ_0R_8_INITIALIZE  COMPLETE 

1.1.12  - set  a flag  which  indicates  use  of  the  coasting 
flight  state  propagation  algorithm 

PWRD_FLT_NAV  = OFF 

After  completion  of  initialization,  the  capability  shall  be 
provided  for  sequencing  the  onorbit  navigation  principal  func- 
tion at  the  designated  repetition  rate  (DT_OilORBIT_NAV)  for 
coasting  flight. 

If  the  onorbit  coast  navigation  phase  is  begun  by  entry 
into  MM  201  from  ops-l  or  ops-0  (via  checkpoint  initialization), 
events  60  or  81  respectively,  the  onorbit/rendezvous  navigation 
sequencer  principal  function  shall  provide  the  capability  to 
initialize  the  orbi ter  state  vector,  covariance  matrix,  and 
other  required  navigation  parameters  on  the  basis  of  prestored 
data  and  ops-l  or  checkpoint  data  obtained  from  protected  com- 
puter program  memory  load  reconfiguration . The  foil owi ng  se- 
quence shall  be  performed: 

1.2.1  - if  re-initialization  is  to  occur  based  on  check- 
point data  {event  81) , perform  the  following  functions 
a.  snap  current  IMU  accumulated  velocity  and 
associated  time  tag 
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(see  section  4. 2. 1.1  for  detailed  requirements  of 
this  SNAP  function) 

b.  envoke  the  onorbit  precision  state  prediction 
principal  function  to  bring  the  checkpoint  state 
vector  (R_CHECK_PT,  1_CHECK_PT)  from  stored  time 
(T_CHECK_PT)  to  current  time  (T_LAST_FILT_INIT) 
CALL:  ONORBIf_PREDICT 
INLIST:  GM_DE6,  GMJ3RD,  1,1,1,  PREC_STEP, 

^CHECK_PT,  y_CHECK_PT,  T_CHECK_PT, 
T_LAST_FILT_INIT 
^TLTJNIT,  y_FILl^NIT 
(see  section  4.5.2  for  detailed  requirements 
of  the  oncrbit  prediction  principal  function) 

Once  this  step  (1 .2.1 ) is  completed,  or  if  event  60 
had  occurred,  instead  of  81,  proceed  to  the ' next  step 
..  . , . (1.2.2). 

1 .2.2  - (perform  steps  1.1.1  through  1.1.7,  above) 

1 .2.3  - initialize  the  6 x 6 dimensional  orbi ter  position/ 
velocity  covariance  matrix  to  pre-stored  UVW  standard  devi a- 
tions  and  correlation  coefficients. 

CALL:  0N0RBIT_C0VIMIT_UVW 

INLIST:  SIGJJ VW JDPS_2 , O)V_C0R_0PS_2 , 

R_FILT,  y_FILT 

OUTLIST:  E , 

1 to  6,  1 to  6 


detailed  requirements  for  the  above  subfunction 
are  described  in  section  4.2.9. 

1,2.4  - (perform  steps  1.1.9  through  1.1.12,  above)  • 
After  completion  of  initinlization,  the  capability  shall  be 
provided  for  sequencing  the  onorbit  navigation  princi.pal 
function  at  the  designated  repetition  rate  (DT_0N0RBIT_NAV) 
for  coasting  flight. 

If  the  onorbit  coast  navigation  phase  is  begun  by  entry 
into  MM  201  from  MM  202  (event  73),  the  onorbit/rendezvous 
navigation  sequencer  principal  function  shall  provide  the 
capability  to  cancel  operation  of  the  onorbit  navigation 
principal  function.  Initialization  shall  be  performed  as 
follows:  '' ' 

1.3.1  - set  a flag  indicating  the  non-use  of  IMU  data 
for  navigation  and  user  propagation 

USEJMUJIATA  = OFF 

1.3.2  - set  a flag  indicating  the  usage  of  a coasting 

fl i ght  integration  al gori thm  for  navi gation  state  propaga- 
ticn  ^ ’ . 

PWRD_FLTJ1AV  = OFF 

After  completion  of  this  initialization,  the  capability 
shall  be  provided  for  sequencing  the  onorbit  navigation 
principal  function  at  the  designated  repetition  rate 
(DT_0N0RBIT_NAV)  for  coasting  flight. 


If  the  onorbit  coast  navigation  phase  is  begun  by  entry 
into  MM  201  froin  MM  211  or  MM  213  (events  61  or  61A,  respec- 
tively), the  onor bit/rendezvous  navigation  sequencer  principal 
function  shall  provide  the  capability  to  cancel  operation  of 
the  rendezvous  navigation  principal  function.  The  following 
initializations  shall  then  be  performed: 

1.4.1  - set  a flag  indicating  the  activation  of  onorbit 
navigation  (and  de-activation  of  rendezvous  navigation). 
REND_NAV_FLAG  = OFF 

1.4.2.  - store  the  current  target  state  vector  time  tag 
(for  potential  use  when  re-ini tialize  rendezvous  navigation 
at  a later  time) 

IJ-V  = I^URRENIJ^ILT 

1.4.3  - (perform  steps  V.3.1  and  1.3.2,  above) 

After  completion  of  this  initialization,  the  capability  shall 
be  provided  for  sequencing  the  onorbit  navigation  principal 
function  at  the  designated  repetition  rate  (DT_0N0RBIT_NAV) 
for  coasting  flight. 

If  the  onorbit  coast  navigati on  phase  is  begun  by  entry 
into  GN&Cops-S  from  ops -1  (event  50)  the  onorbit/rendezvpus 
navigation  sequencer  principal,  function  shall  provide  the  capa 
hi 1 i ty  to  ini ti al i ze  the  orbi ter  state  vector , covari ance  ma- 
trix, and  other  requi  red  navi  gatiori  parameters  on  the  basi  s 
of  prestored  data  and  ops-1  data  obtained  from  protected 
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computer  program  memory  load  reconfiguration.  The  following 
initialization  sequence  shall  be  performed: 

1.5.1  - (perform  steps  1 .1 .1  through  1.1 .7,  above) 

1.5.2  - initialize  the  6 x 6 dimensional  orbiter  covar- 
iance matrix  to  prestored  UVW  standard  deviations  and  cor- 
relation coefficients: 

CALL:  0N0RBIT_C0VINITJVW 

INLIST:  SIGJVWJDPSJ,  G0V_C0R_0PS_2, 

^FILT.X.l'Il-T 

OUTLIST:  E 

1 to  6,  1 to  6 

(see  section  4.2.9  for  detailed  requirements 
of  this  common  subfunction). 

1.5.3  - set  a flag  to  indicate  the  non-usage  of  IMU 
data  for  navigation  and  user  state  propagation 

USE_IMU_DATA  ==  OFF 

1.5.4  - indicate  completion  of  initialization  of  para- 
meters for  use  by  the  onorbit/rendezvous  user  parameter  pro- 
cessing sequencer  principal  function 

SIGNAL:  0PS_2J)R._8JNniALlZE  ^ 

1.5.5  - set  a flag  indicating  the  activation  of  onorbit 
navigation  (and  de-activation  of  rendezvous  navigation) 

REND_NAV_FLAG  = OFF 

1.5.6  - set  a flag  indicating  the  use  of  the  coasting 
f 1 i ght  integration  scheme  for-s-tate  propagati on 


PWRD_FLT_NAV  = OFF 

After  completion  of  this  initialization,  the  capability  shall 
be  provided  for  sequencing  the  onorbit  navigation  principal 
function  ai  trie  designated  repetition  rate  (DT_0N0RBIT_NAV) 
for  coasting  flight. 

If  the  onorbit  coast  navigation  phase  is  begun  by  entry 
into  GN&C  ops-8  from  ops -2  (event  60B),  the  onorbit/rendezvous 
navigation  sequencer  principal  function  shall  provide  the 
capability  to  initialize  the  orbiter  state  vector,  covariance 
matrix,  and  other  required  navigation  parameters  on  the  basis 
of  prestored  data  and  ops-2  data  obtained  from  protected  com- 
puter locations  unaffected  by  the  computer  program  memory 
load  reconfiguration.  The  following  initialization  sequence 
shall  be  performed: 

1.6.1  - (perform  steps  1.1 .1  through  1.1 .7,  above) 

1.6.2  - initialize  the  6 X 6 dimensionaT  orbiter  position/ 
velocity  covariance  matrix  to  values  transferred  across  the 
memory  transition  from  ops-2  to  ops-8 

K , = E INIT 
■ ” I,J 

for  I = 1 to  6,  J = 1 to  6 

1 .6.3  - (perform  steps  1.5.3  through  1.5.6,  above) 

After  completion  of  this  initialization,  the  capability  shall 
be  provided  for  sequencing  the  onorbit  navigation  principal 
function  at  the  designated  repeti tion  rate  ( DTJ3N0RB I T_NAV ) 
for  coasting  flight. 
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2.  Onorbit  Powered  Flight  Navigation  Phase  - This 
phase  shall  use  the  onorbit  navigation  principal  function, 
and  shall  be  active  during  MM  202  only,  and  shall  begin 
upon  the  occurrence  of  event  60  (OMS  ignition  minus  Y 
seconds).  The  onorbit/ rendezvous  navigation  sequencer  prin- 
cipal function  will  first  cancel  operation  of  the  onorbit 
navigation  principal  function  (the  REND_NAV_FLA6  will  be  in 
the  OFF  configuration  during  this  navigation  phase).  The 
only  initialization  required  is  to  set  a flag  indicating 
the  use  of  the  powered  flight  integration  scheme  for  state 
propagation 

PWRDFLTJIAV  = ON 

After  comp 1 e ti on  of  thi s ini tia 1 i za ti on , the  capa bi 1 i ty  s hal 1 
be  provided  for  sequencing  the  onorbit  navigation  prineipal 
function  at  the  designated  repetition  rate  (DT_0N0RBIT_PWRD__ 
FIT)  for  onorbit  powered  flight. 

3.  Rendezvous  Coast  Navigation  Phase  - This  phase  shall 
use  the  rendezvous  navigation  principal  function  and  shall  be 
active  during  operation  of  major  modes  211,  212  and  213.  The 
rendezvous  coast  navigation  phase  shall  begin  in  one  of  the 
following  ways:  • 

. Entry  into  MM  211  from  ops-1  (event  74), 

. Entry  into  MM  211  from  MM  201  (event  64),  or 
.Entry  into  MM  21 1 from  MM  21 2 (event  78) . 


If  the  rendezvous  coast  navigation  phase  is  begun  by 
entry  into  MM  211  from  ops -1  (event  74),  the  onorbit/rendezvous 
navigation  sequencer  principal  function  shall  provide  the 
capability  to  initialize  the  arbiter  and  target  state  vectors, 
covariance  matrix,  and  other  required  navigation  parameters 
on  the  basis  of  prestored  data  and  ops~l  data  obtained  from 
protected  computer  locations  unaffected  by  the  computer  pro- 
gram memory  load  reconfiguration.  The  following  initializa- 
tion sequence  shall  be  performed: 

3.1.1  ^ initialize  arbiter  state  vector,  covariance 

matrix  and  other  parameters  as  indicated  by 
steps  1.1.1  through  1.1.7. 

3.1.2  - initialize  the  5x6  dimensional  arbiter 

position/ velocity  covariance  matrix  to  pre- 
stored UVW  standard  deviations  and  correlation 
coefficients 

, CALL:  ONORBITJOVINITJJVW  ' 

INLIST:  SIGJJVW_0PS_2,  C0V_C0R_0PS_2, 

iJILT,  VJILT 
OUTLIST:  E 

1 to  6,  1 to  6 

(see  section  4.2.9  for  detailed  requirements) 

3.1 .3  - set  a flag  indicating  that  a rendezvous  naviga- 

tion phase  has  been  ini  tt 
RENDlNAVJ^LAG  = ON  ^ ^ 
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3.1.4  - test  a flag  (TARGJ/ECJWAIL)  indicating  the  presence 

(ON)  or  absence  (OFF)  of  a stored  target  position/ ve 
locity  state  vector  from  which  to  initialize 

the  rendezvous  coast  navigation  phase. 

3.1.5  - if  the  TARGJ/ECJWAIL  flag  is  ON,  then 

initialize  target  state  and  covariance  matrix . . 
according  to  the  following  sequence: 

a.  predict  the  stored  target  position  vector 
(R  TV)  and  velocity  vector  (V  TV)  from  time 
TJTV  to  the  current  time  (Tj:URRENT_FlLT)  by 

■■  use  of  the  onorbit  precision  state  prediction 
. principal  function 
cm.:  ONORBITJ^REDICT 

INLIST:  GM_DEG,  GMJ3RD,  DRAGJiODEJ'lAV, 

0,3,PRECJSTEP,  Rjrv, jy'V,  Tjrv,^^^ 
IJCURRENTJILT 
OUTLIST:  RJV,  VJV 

(see  section  4.5.2  for  detailed  requirements) 

b.  initialize  the  6x6  dimensional  target  position/ 
velocity  covariance  matrix  to  prestored  standard 
deviations  and  correlation  coefficients 


CALL:  ONORBITJCOVINITJJVW 

INLIST : SIGJTVJJVW , COV^ORJTV , 


OUTLIST: 


RJV,  y_Tv 
E 

10  to  15,  10  to  15 
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(see  section  4.2.9  for  detailed  requirements  of 
this  common  subfunction). 

c.  compote  the  current  total  acceleration  vector 
of  the  target  vehicle  for  use  by  the  covariance 
propagation  subfunction. 

i^TV  = ACCEL_PERT_ONORBIT  (GM_DEG,  GMJDRD, 
DRAG_MODE__NAV,  0,3,  PREC_STEP, 

IJV.  OvV  tj:urrentj'i^ 

, , 3 

(see  section  4.2.1 .2  for  detailed  requirements  per- 
taining to  usage  of  the  acceleration  models) 

^ 3^^^  - if  the  TARGJ/EGJVVAIL  flag  is  OFF,  initiaTize  . 

target  state  vector  (R  TV,  V TV),  total  acceleration  vector 
(G  TV),  and  time  tag  (T  TV)  to  orbi ter  values 

= RJILT 
V_TV  = V_FILT 
6JV  = 113TJCC 
TJ'V  = TJ-ASl^^^ 

also  set  target  position/velocity  covariance  matrix 
equal  to  orbi  ter  matrix.^ 

10  to  15,  10  to  15  1 to to  C 

3.1 .7  - regardless  of  the  TARG_VECJ\VAIL  flag  se^^t^^^ 
set  the  fol 1 owi ng  user  parameter  propagation  subfunction  target 
state  vectors  for  use  in  initial iaation  of  that  subfunction 
by  the  onorbit/rendezvous  user  parameter  processing  sequencer 
principal  function 


RJV__RESET  = R_TV 
v_Tv_RESET  = y_n 

3.1.8  - set  a flag  indicating  non-usage  of  IMU  data  by 

the  navigation  and  user  parameter  state  propagation  subfunctions. 
USEJMUJATA  =' OFF 

3.1.9  - indicate  the  completion  of  that  portion  of 
initialization  required  for  the  onorbit/ rendezvous  user 
parameter  processing  sequencer  principal  function. 

SIGNAL;  0PS_2JDR_8_INITIALIZE  COMPLETE 
3.1.10—  set  a flag  indicating  that  the  coasting  flight 
(precision )propagati on  scheme  shall  be  used  for  orbiter  state 
advancement 

. ,>  .v^PWRD_FLT_NAV  = OFF  • 

; ;’^,1 .11  - set  a flag  indicating  that  external  measurement 
data  processing  is  to  be  permitted  in  this  navigation  phase 
T • USE^MEAS_pATA  = ON 

3.1.12  - set  a flag  indicating  that  the  target  state  ha^ 
been  initialized 

TARGJEC_j\VAIL  - ON 

3.1.13  - zero  counters  related  to  the  measurement  pro* 
cessing  statistics  subfunction  (see  Section  4. 3. 2. 8) 

]y\CCEPT  = 8 
. . iUEJECT;-  0 ■ 

'■y:.,sEQj^ccEpj\:-^ 
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After  completion  of  this  initialization,  the  capability  shall 
be  provided  for  sequencing  the  rendezvous  navigation  principal 
function  at  the  designated  repetition  rate  (DT_REND_NAV)  for 
the  rendezvous  coast  navigation  phase. 

If  the  rendezvous  coast  navigation  phase  is  begun  by  en- 
try into  MM  211  from  MM  201  (event  64),  the  onorbit/rendezvous 
sequencer  principal  function  shall  provide  the  capability  to 
initialize  target  vehicTe  state  vector  from  one  of  the  fol- 
lowing options: 

. based  on  pre-mission  values, 

. based  on  ground  uplink  data, 

. based  on  last  value  in  previous  rendezvous  navigation 
phase  (predicted  to  current  time),  or 

. set  to  orbiter  state  value  at  current  ti me . 

The  onorbi t/rendezvous  navi gation  sequencer  pri ncipal  func- 
tion shall  also  be  capable  of  initializing  the  target  po- 
sition/velocity covariance  matrix  based  on  pre-stored  UVW 
data . The  first  action  of  the  sequencer  upon  occurence  of 
event  64  is  to  cancel  operation  of  the  onorbit  navigation 
principal  function.  The  following  initialization  sequence 
shall  then  be  performed: 

3.2.1  - initialize  target  state  & covariance  matrix 

(perform  steps  3,1.3  through  3.1.7,  above) 

3.2.2  - set  a flag  indicating  the  non-usage  of  IMU 

data  in  the  navigation  and  user  state  pro- 
pagation subf unctions  for  orbiter) 

USEJM'LDATA  = OFF 
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3.2.3  - (perform  steps  3.1.10  through  3.1.13,  above) 

After  completion  of  this  initialization,  the  capability  shall 
be  provideci  for  sequencing  the  rendezvous  navigation  princi- 
pal function  at  the  designated  repetition  rate  (DT_REND_NAV) 
for  the  rendezvous  coast  navigation  phase. 

If  the  rendezvous  coast  navigation  phase  is  begun  by 
entry  into  MM  2TT  from  MM  212  (event  78),  the  onorbit/rendez- 
vous  navigation  sequencer  principal  function  shall  provide 
the  capability  to  cancel  operation  of  the  rendezvous  naviga- 
tion principal  function.  The  following  initialization  is 
required,  once  this  cancellation  has  been  accomplished; 

3.3.1  - set  a flag  indicating  the  non-usage  of  IMU 
data  in  the  navigation  and  user  state  propagation  subfunctions 
(for  orbiter). 

USE_IMU_DATA  = OFF 

3.3.1  - (perform  steps  3.1.10  through  3.1.13,  above) 

After  completion  of  this  initialization,  the  capability 
shall  be  provided  for  sequencing  the  rendezvous  navigation 
principal  function  at  the  designated  repetition  rate 
(DT_REND_NAV)  for  the  rendezvous  coast  navigation  phase. 

4.  Rendezvous  Powered  Flight  Navigation  Phase-  This 
phase  shall  use  the  rendezvous  navigation  principal  function, 
and  shall  be  active  during  MM  212,  only,  and  shall  begin 
upon  the  occurrence  of  even t 68  (OMS  i gni ti on  minus  y seconds ). 
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The  onorbit/ rendezvous  navigation  sequencer  principal 
function  will  first  cancel  operation  of  the  rendezvous  . 
navigation  principal  function  (the  REND_NAV_FLAG  will  be 
in  the  ON  configuration  during  this  navigation  phase).  The 
only  initialization  required  is  to  set  a flag  indicating 
the  use  of  the  powered  flight, integration  scheme  for 
orbiter  state  propagation 

PWRD_FLT_NAV  = ON 

After  completion  of  this  initialization,  the  capability 
shall  be  provided  for  sequencing  the  rendezvous  naviga- 
tion principal  function  at  the  designated  repetition  rate 
(DT_RFND_PWRD_FLT)  for  the  rendezvous  powered  flight  na- 
vigation phase. 

5.  TPF  Stdtionkeeping  Navigation  Phase  - This  phase 
shall  use  the  rendezvous  navigation  principal  function  and 
shall  be  active  during  operation  of  major  mode  213.  The  TPF 
stationkeeping  navigation  phase  shall  begin  in  one  of  the 
following  ways: 

. Entry  to  MM  213  from  MM  201  (event  66), 

. Entry  into  MM  213  from  MM  212  (event  79),  or 
.Entry  into  MM  213  from  MM  211  (event  82). 

If  the  TPF  stationkeeping  navigation  phase  is  begun  by 
entry  into  MM  213  from  MM  201  (event  66),  the  onorbit/rendez- 
vous  navigation  sequencer  pri nci pa 1 functi on  sha 1 1 provi de  the 
capability  to,  first,  cancel  operation  of  the  onorbit  naviga- 
tion principal  function.  The  following  initialization  is 

. ^ 4.1.Tr29  , 
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required  once  this  cancellation  has  been  accomplished; 

5.1.1  - initialize  target  state  and  covariance  matrix 

(perform  steps  3.1.3  through  3.1.7,  above) 

5.1.2  - set  a flag  indicating  the  usage  of  the  powered 

flight  navigation  state  propagation  algorithm 
for  orbiter  position/velocity  advancement. 


PWRD__FLT_NAV  = ON 

5.1.3  - set  a flag  indicating  that  rendezvous  external 

measurement  data  incorporation  may  occur  in  this 
navigation  phase 

USE_MEAS_DATA  = ON 

5.1.4  - set  a flag  indicating  that  a target  state  vector 

has  been  initialized 

TARG_VECJ\VAIL  = ON 

After  completion  of  the  above  initialization,  the  capability 
shalT  be  provided  for  sequencing  the  rendezvous  navigation 
principal  function  at  the  designated  repetition  rate  (DT_REND_ 
TPF_NAV)  for  the  TPF  stationkeeping  navigation  phase. 

If  the  TPF  stationkeeping  navigation  phase  is  begun  by 
entry  into  MM  213  from  MM  213  (event  79),  or  by  entry  into 
Mfi  213  from  MM  211  (event  82) , the  onorbit/rendezvous  naviga- 
tion sequencer  principal  function  shall  provide  the  capability 
to,  first,  cancel  operation  of  the  rendezvous  navigation  prin- 
cipal function.  The  foil  owing  initialization  shall  then  be 
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performed: 

5.2.1  - set  a flag  indicating  the  usage  of  the  powered 

flight  navigation  state  propagation  algorithm 
for  orbiter  position/velocity  advancement 
PWRD_FLT_NAV  = ON 

5.2.2  - set  a flag  indicating  that  rendezvous  external 

measurements  data  incorporation  may  occur  in 
this  navigation  phase 
USE_MEAS_DATA  = ON 

5.2.3  - set  a flag  indicating  that  a target  state 

vector  is  available  for  future  initialization 
if  re-enter  a rendezvous  related  navigation 
phase 

TARGJ/ECJWAIL  = ON 

After  compietion  of  the  above  initialization,  the  capability 
shall  be  provided  for  sequencing  the  rendezvous  navigation 
principal  function  at  the  designated  repetition  rate  (DT_REND_ 
TPF_NAV)  for  the  TPF  stationkeeping  navigation  phase. 

6.  Non-Phase-Related  Requirements  - In  addition  to  the 
above  requirements,  which  have  been  described  on  the  basis  of 
entrance  into  one  of,  the  five  orbital  navigation  phases,  there 
are  three  other  categories  of  requirements  to  which  the  onorbit/ 
rendezvous  navigation  sequencer  principal  function  shall  comply: 

. inhibiting  of  external  measurement  data  incorporation 


. data  to  be  saved  in  preparation  for  computer  memory 
load  transitions,  and 

. navigation  data  required  to  be  saved  via  CHECKPOINT 
specialist  function  (and  requirements  as  to  the 
storage  frequency  of  such  data  sets). 

6.1  Inhibiting  of  External  Data  Processing:  - 

The  onorbit/ rendezvous  navigation  sequencer  principal 
function  shall  provide  the  capability  of  setting  a flag 
USEJiEAS_DATA  = OFF 

which  will  be  tested  by  the  rendezvous  navigation  principal 
function  for  the  purpose  of  inhibiting  processing  of  external 
measurement  data  just  prior  to  an  OMS  burn  (ignition  minus  X 
seconds,  event  TBD).  This  flag  setting  shall  occur  indepent- 
dently  of  the  entrance  into  the  onorbit  or  rendezvous  powered 
flight  navigation  phases,  which  occur  at  OMS  ignition  minus  Y 
seconds  (event  68).  - ^ ^ ^ 

6.2  - Memory  Transition  Data  Save:  - 

The  onorbit/ rendezvous  navigation  sequencer  principal 
function  shall  provide  the  capability  to  save  off  (in  pro- 
tected memory  locations)  certain  data  sets  for  transmission 
accross  a memory  transition,  from  one  operational  sequence  to 
another.  The  foil owi ng  three  cases  require  such  storage: 

. transition  from  MM  201  (ops-2)  to  GN?<C  ops-8  (event  608) , 
. transition  from  MM  201  (ops-2)  to  ops -3  (event  El ),  or 
. transition  from  GN&C  ops-8  to  MM  201  (ops-2),  event  60A. 
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Prior  to  termination  of  ops-2  or  ops-8,  for  the  above  three 
cases,  the  following  variables  shall  be  saved  off 
R_FliT_INIT  = R_FILT 
VJILT^INIT  = ;TFILT 
V_LAST_F1LT_INIT  = V_LAST_FILT  • 

EJNIT  = E/  for  I = 1 to  6,  J = 1 to  6 
Although  the  variable  names  with  the  "_INIT"  have  been  desig- 
nated as  unique  variables,  this  may  not  be  required  if  the 
same  physical  core  location  can  be  used  for  R_FILT  (for 
example)  in  each  memory  load.  The  "_INIT"  notation  has  been 
used  for  visibility  purposes,  only. 

6.3  - GHECKPOINTData;- 

Although  the  VU(Vehcile  Utilities)  FSSR  shall  specify 
detailed  requirements  for  storage  and  retrieval  of  GM&Cdata  ' 
in  association  with  the  CHECKPOINT  specialist  function,  the 
onotbit/ rendezvous  navigation  sequencer  principal  function 
shall  be  capable  of  initializing  the  onorbit  navigation  prin- 
cipal function  from  such  data  sets.  A detailed  list  of  all 
data  required  to  be  stored  for  purposes  of  re-initializing 
the  navigation  system  is  provided  in  section  4.8  of  this  FSSR. 
The  following  additional  requirements  are  to  be  provided: 

. CHECKPOINT  data  sets  shall  be  stored  (via  the  CHECKPOINT 
specialist  function)  periodically,  at  a TBD  rate 

. CHECKPOINT  data  sets  shall  also  be  stored  as  soon  as 
possible  after  each  burn,  and  as  soon  as  possible 
after  each  groun'd "update  (of  orbiter  state  vector) 


. navigation  reinitialization  from  a CHECKPOINT  data  set 
shall  always  be  functionally  similar  to  entrance 
into  ops  ^ from  ops-1  (with  the  exception  of 
having  to  predict  CHECKPOINT  orbiter  position/ 
velocity  vectors  to  current  time) 


B.  Interface  requirements.  Input  and  output  parameters  are 
given  in  tables  4. 1.1-4  and  4. 1.1-5,  respectively.  . 


C . Processing  requi remen ts . None . 


TABLE  4. T. 1-4  - (Continued)  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  INPUT  LIST 


DESCRIPTION^  ^ 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

f 1 a g i ndi cati ng  ( ON ) the 

. 

TARGVEG  AVAIL 

0 

ON/OFF 

As  rqd 

\'r "' 

aval  1 abi 1 Tty  of  a target 
vehicle  state  vector  and 
time  tag  for  reinitiali- 
zation purposes 

. .V  ' . ■ 

target  positi on  vector 
(M50)  \ ^ ^ 

V 

DP 

— 

ft 

As  rqd 

'yyi^ 

target  velocity  vector 

VJV 

* • 

V 

DP 

ft/secAs  rqd 

1 

(M50) 

CO 

■>J  cn 

;■  t 

time  tag  of  target 

TJV 

ic 

F 

DP 

sec 

vehicle  state  vector 

* ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL  FUNCTION  INPUT  LIST 


TABLE  4.1.1-40N0RBIT/RENDEZV0US  NAVIGATION  SEQUENCER  INPUT  LIST 


DESCRIPTION 


SYMBOL 


INPUT  SOURCE 


TYPE  PRECISION  RANGE  UNITSI  SAMPLE 


orbi ter  position  vector  R FILT  INIT 
(M50)  saved  across  memory 


transition 


orbi ter  velocity  vector 
(M50)  saved  across  mem- 
ory transition 

total  accumulated  IMU 
sensed  velocity  saved 
across  memory  tran- 
sition (M50) 


time  tag  of  navigation 
initialization  data 
saved  across  memory 
transition 


position/velocity  (6  x 6) 
orbi ter  covariance  matrix 
(M50)  saved  across  memory 
transition  ^ 


V FILT  INIT 


^LAST_FILT 
INIT  Z' 


T_LAS1^ILT 
: INITv  : ■ 


E INIT 


ft/se 


^ * Onorbit/rendezvous  navigation  sequencer  principal  function  input  list 


TABLE  4 J J-4  - (Continued)  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  INPUT  LIST 


DESCRIPTION 

SYMBOL 

■ ■ 1 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

time  tag  of  current 
f i 1 ter  state  vector 

T_CURRENT_FILT 

■i 

★ 

F 

DP 

1' 

1. 

sec 

As  rqd 

or bi ter  position  vector 
(M50)  saved  via.  CHECKPOINT 
specialist  function 

^CHECK_PT 

ic  ^ : 

: ' ‘ ' ' ' 

V 

DP 

— 

ft , 

As  rqd 

orbi ter  vel oci ty  vector 
(M50)  saved  via 
POINT  specialist  func- 
tion ■ 

^CHECK_PT 

★ , . 

i 

■ . ' 1 

V 

DP 

. — 

ft/ sec 

As  rqd 

time  tap  of  orbi ter 
state  vector  saved  via 
CHECKPOINT  special i st 
function 

T_CHECK_PT 

* ■ ! 

F 

DP 

— 

sec 

As  rqd 

sequencing  time  inter- 
val for  onorbit  navi- 
gation duri ng  onorbit 
coast  phase 

DT  ONORBIT 
- NAV 

' ... 

F : 

; : 

DP 

j 

sec 

As  rqd 

sequencing  time  inter- 
val for  rendezvous  na- 
vigation  duri ng  rendez- 
vous coast  phase 

DT_REND_NAV 

F 

DP 

■ 1 

— 

sec 

As  rqd 

’^ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL  FUNCTION  INPUT  LIST 

**  PRE-MISSION  load 


■ 

TABLE  4. 1.1 -4  - (Co 

DESCRIPTIOK  0 

SYMBOL 

: r,  ; ! ■ 00 ' ■ ■ ’ \ 0 ^ 

sequencing  time  inter- 

DT  ONORBIT  PWRD 

0 ; val  ifor  ononbit  navi- 

0 ' gation  during  onorbit 

powered  flight  phase , 

ijO:  ::  ' ; : 0:-  ' 

;■  sequencing  time  inter- 

DT  REND  PWRD 

val  'for  rendezvous  ria- 

t:-  OTLT::;  Ot 

i;  vi gation  during  rendez- 

vous powered  f 1 i ght 

phase 

W ■ 

O',  ■ ; 

TABLE  4.1>l-4  - (Continued)  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  INPUT  LIST 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

i 

RANGE 

UNIT^ 

1 

■ 1 

SAMPLE 

R/4TE 

■ ; sequencing  time  inter- 

il  val  for  rendezvous  na-  . 

L gation  during  TPF  sta- 

tionkeeping  phase 

DT  REND  TPF 
1 NAV 

i " . . 

! . t' 

-k-k 

F 

i, 

DP 

i • 

i 

sec 

As  rqd 

[ ■ 

; vector  (6  a 1)  standard 

1 deviations  (UVW)  for 

1 orbiter  position/ve- 

: locity  covariance  initi- 

;;  alization 

i 

SIG  UVW 
; 0PS_2 

kk 

V 

DP 

— 

vary 

As  rqd 

vector  (7  x T)  corre- 
;:*/  CO  lation  coefficients 
• : - associated  with  the  UVW 

t J standard  deviations  SI G_ 

UVVHDPS_2,  used  for  orbi- 
ter position/ velocity: 
covariance  initializatipn 

COV  COR 
: 0PS_2 

kk  ' 

V 

DP 

i 

1 

As  rqd 

vector  (6  X 1 ) of  stan- 
dard deviations  (UVW) 
for  target  vehicle  po- 
sition/velocity cp-. 
variance  initializa- 
tion ■■  ■ ■ V / L' ■■  ;i 

^G_TVJ)VW  ■ 

V 

■ ' 

DP 

i 

! 

] 

, 1 

vary 

As  rqd 

**  PRE-MISSION  LOAD 
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TABLE  4. 1.1-4  - {Gontinued)ONORBIT/RENDEZyOUS  NAVIGATION  SEQUENCER  INPUT  LIST  / 


^ DESCRIPTION 

1 , . i 

SYMBOL 

INPUT  SOURCE 

TYPE 

1 

PRECISION 

RANGE  i 

1 

UNITS 

SAMPLE 

RATE 

flag  indicating  order  | 

of!  gravitational  po-  | 

tential  model 

GMJDRD 

1 

1 I 

S 

0-8 

1 

j 

— 1 

As  rqd 

f' 

integration  step-size 
for  precision  state 
prediction 

: j 

PREC_STEP 

F 

DP 

— 

sec 

As  rqd 

« 

Earth  gravitational 
constant  1 

EARTHJ1U 

ic'k 

• 1 

F 

DP 

— 

ft^/ 

sec 

As  rqd 

f 

J. 

1^;..;.  ■■  f 

flag  v/hich  activates  (1 ) 
or  de-activates  (0)  the 
drag  acceleration  model 

DRAG  MODE 
NAV 

★★  ■ " 

r 

S 

0-1 

— 

As  rqd 

f 1 ag  whi ch  acti vates  { 1 ) 
or  de-activates  (0)  the 
venting  & RCS  uncoupTed 
thrusting  models 

VENT  MODE 
NAV' 

kk 

1 

S 

0-1 

— 

As  rqd 

vector  (3  x 1 ) of  un- 
irodel  ed  accel  erati  on 
bias  error  variances 
(body  coord,  system) 

COV  ACCEL 
BODYJNIT 

■,  , kk 

V 

DP 

— 

2 

ft  / 
sec 

As  rqd 

PRE-msSION  LOAD 


2b-L‘l 


TABLE  4. 1.1-4  - (Continued)  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  INPUT  LIST  ^ 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

• . . i 

angle  to  earth' s at- 
niospheri  c bul  ge  (Rus- 
sian density  model) 

MAX_DENS_ANGLE 

1 

F 

DP 

— 

rad 

As  rqd 

angle  to  reference 
point  in:  atmosphere 
(Russian  density 
model) 

MIN_DENS_ANGLE 

F 

DP 

— 

rad 

J, 

■■ 

rs.) 

(see  section  4.8.1 - 
Load  Requirements) 

(acceleration 
model  and  predict- 
or constants) 

— 

— 

— 

1 

As  rqd 

**  PRE-MISSION  LOAD 


TABLE  4.r,l-5  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  OUTPUT  LIST 


DESCRIPTION 


SYMBOL 


OUTPUT  SOURCE 


• TYPE  PRECISION  RANGE  UNITS  COMPUTATION 

I RATE 


s i gnal  to  MSC  i ndi ea- 
ting (COMPLETE)  ini- 
tialization of  uspr 
parameter  state  propa- 
gati on  quan ti ties  is 
complete 


orbi ter  position  vec- 
tor (H50) 


tor  (M50) 


0PS_2 . OR  8 
imiiMnE 
COMPLETE 


Signal 


As  rqd 


R FILT 


rbiter  velocity  vec-  V FILT 

^ f MC:  A\  I 


V LAST  FILT 


T LAST  FILT 


total  accumul ated  I MU 
sensed  velocity  (M50) 


time  tag  of  VJilSlJ^ILT, 
& of  filter  state  at 
last  navigation  cycle 


f i 1 ter  covariance  matrix  j E 
max.  dimension  is  (19  X 19) 


_ wary  As  rqd 


* ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL  FUNCTION  OUTPUT  LIST 


r.-  '.  ^ . 


* ONORBIT/RENDEZVOUS  NAVISATION  SEQUENCER  PRINCIPAL  FUNCTION  OUTPUT  LIST 


TABLE  4.1 


(Continued)  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  OUTPUT  LIST 


DESCRIPTION 


SYMBOL 


OUTPUT  SdURCE  i • TYPE  PRECISION  RANGB  UNITSj  COMPUTATIO! 


8^ 

imLE  ' 4.1.1-5  ^ 


TABLE-  t. 1.1-5  (Continued)  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  OUTPUT 


DESCRIPTION 


SYMBOL 


OUTPUT  SOURCE 


TYPE  PRECISION  I RANGE  UNITS  COMPUTATICN 

RATE 


target  vehicle 
total  acceleration 
vector  (M50) 


l-G  TV 


vector  (4  X 1 ) of  sensor 
snark-accept  counters 
(one  per  sensor) 


ry  ACCEPT 


(INTEGER) 


vector  (4  x 1 ) of  sensor  I N REJECT 
mark-reject'  counters  | 

(one  per  sensor)  I 


(INTEGER) 


vector  (4  x 1 ) of  number  |^EQ_ACCEPT 
of  sequential  marks  of  ! 
particular  type  rejected 


(INTEGER) 


vector  (4  x 1 ) of  number  ^EQ_REJECT 
of  sequential  marks  of 
particular  type  rejected 


(INTEGER) 


flag  indicating  usage  (ON ) USE_IMU_DATA 
or  non- usage  (OFF)  of  IMU 
data  in  orbiter  navigation 
state  propagation  and  user 
parameter  state  propagation 


ON/OFF 


* ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL  FUNCTION  OUTPUT  LIST 


lABLE  4. 1.1 -6  (continued)  ONDRSIT/REnDEZ^^^  NAVIGATION  SEQUENCER  OUTPUT  LIST 


DESCRIPTION 


SYMBOL 


OUTPUT  SOURCE 


orbiter  position  vector  ; R RESET 
(H50)  used  to  reset  user 
parameter  state  propagator 


orbiter  velocity  vector 
(M50)  used  to  reset  user 
paraineter  state  propagator 


V RESEl 


total  accumulated  I MU  sensed  V IMU  RESET 
velocity  (M50)  used  to  reset 
pararneter  state  propagator  ! ■ . 


T RESET 


time  tag  of  parameters 
used  to  reset  the  user 
parameter  state  propagator 
at  each  navigation  cycle 
completion 


flag  indicating  (ON)  to  the  FILTJJPDATE 
user  parameter  state  propa-j 
gaton  to  reset  to  naviga- 
tion data  • 


target  vehicle  position 
vector  (M50)  used  to 
reset  user  parameter 
state  propagator- 


TYPE  PRECISIOil  RANG  a • UNITS  COMPUTATION 

I 1 * r»  n T r- 


iR  TV  RESET 


^ onorbit/rendezvous  navigation  sequencer,  principal  function  output  list 


DP 

1 

— 

ft 

1 

: 

! DP 

— 

ft/sec 

i 

DP 

1 

ft/sec 

DP 

f 

i 

sec 

i 

DP 

1 

i 

ON/OFF 

1 

1 

ON/OFE 

t 1 

1 . I 

1 , . ! 

i 

1 , , . . 1 

! 

oi7-rri7 


* ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL  FUNCTION  OUTPUT  LIST 


D. 


Constraints. 


None . 


E.  Supplemental  information.  A suggested  implemen- 
tation of  these  requirements  is  illustrated  in  appendix  B 
.and  appendix  C. 


ONORBiT  REND_NAV_SEQUENCER  \ 


0PS_2_0R  8_INITIALIZE 


CHECKPOINTJNIT  (CODE) 
ONORBITJuOVINIT 
ONORBIT_COVINITJJVW 
TARGET_NAV_INIT 
DISPLAY_COUNT_IMIT  (CODE) 


r APPENDIX 
B 


ONORBIT  PREDICT  ^ APPENDIX 

C 


I I I I 1 ( 

ft- 

4.1.2  On-Orbit/Rendezvous  User  Parameter  Processing  Sequencer 

This  principal  function  will  provide  a capability  for  initializa- 
tion and  control  of  the  principal  functions  and  subfunctions  as- 
sociated with  the  computations  of  user  parameters  during  the  on- 
orbit/rendezvous  operational  sequence.  This  sequencer  will  provide 
initialization  and  control  of  the  on-orbit  user  parameter  state 
propagation  subfunction  and  those  user  parameter  processing  princi- 
pal functions  used  for  this  operational  sequence. 

Events  to  be  used  as  cues  by  the  sequencer  for  performing  the 
required  initial izatimt  and  sequencing  are  defined  in  the  Level  B 
6N&C  CPUS.  The  particular  events  and  a summary  of  the  associated 
user  parameter  actions  pertaining  to  this  user  parameter  sequencer 
are  given  in  Table  4.T.2-1 . 

A.  Detailed  Requirements . The  on-orbit/rendezvous  user  parameter 
processing  sequencer  will  be  initiated  upon  the  occurrence  of  any 
of  the  following  events: 

1.  Major  mode  transition  from  106  to  201 

2.  Transition  from  OPS-8  to  major  mode  201 

3.  Major  mode  transition  from  301  to  201 

4.  Major  mode  transition  from  106  to  211 

5.  Transition  from  OPS-00  to  Major  Mode  201 

This  sequencer  shall  be  terminated  upon  the  transition  from  ops~2  to 
ops-3,  ops-8,  or  ops-00. 


l-Z ' L ’1? 


TABLE  4.1  .2-1  - ONORBIT/RENDEZyOUS  USER  PARAMETER  PROCESSING  SEQUENCER  EVENTS 


EVENT  NO. 

event  name/description 

ACTION  TAKEN  BY  SEQUENCER  IN 
RESPONSE  TO  EVENT 

60  or  74 

eT:::  ::  : 

84 

Transition  from  OPS-1  to  OPS-2 

Transition  from  301  to  201 
Transition  from  OPS-00  to  201 

Initiate  cyclic  execution  of  onorbit  user  para- 
meter state  propagation  and  onorbit  user  para- 
meter calculations  at  a repetition  rate  of  0.5 
Hertz. 

Same  as  event  60  action. 

. Same  as  event  60  action. 

60A 

Transition  from  OPS-8  to  201 

Initiate  cyclic  execution  of  onorbit  user  para- 
meter calculations  at  a repetition  rate  of  0.5 
Hertz. 

73  or  80 
78  . 1 

Transition  from  202  or  213  to  201 
Transition  from  212  to  211 

Same  as  event  60A  action. 
Same  as  event  60A  action. 

76  or  82 

Transition  from  211  to  212  or  213 

Cancel  onorbit  user  parameter  calculations 
module. 

66  or  67 

1 

Transition  from  201  to  202  or  213 
Initiate  guidance 

Same  as  event  76  action. 

Cancel  onorbit  user  parameter  state  propagation. 
Reschedule  cyclic  processing  of  onorbit  user 
parameter  state  propagation  at  a repetition 
rate  of  0.5  Hertz. 



H i I ! [ 


The  following  paragraphs  specify  the  detailed  requirements  that 
v/ere  summarized  in  table  4.1 .2-1 . These  requirements  specify, 
for  each  of  the  event  cues  to  be  utilized  by  the  sequencer,  the 
actions  that  the  sequencer  is  to  initiate. 

Transition  from  OPS-1  to  OPS-2  - Upon  receipt  of  a signal 

SIGNAL:  OPSJJNITIALIZATION  COMPLETE 

cyclic  execution  of  the  onorbit/rendezvous  user  parameter  state 
propagator  shall  commence  at  a repetition  rate  of  0.5  Hertz.  The 
signal  is  the  cue  that  the  necessary  initialization  of  certain 
state  parameters  has  been  accomplished  within  the  onorbit/rendez- 
vous navigation  sequencer  (section  4.1 .1 ) . Cyclic  processing  of 
the  onorbit  user  parameter  calculations  shall  commence  at  a repe- 
tition rate  of  0.5  Hertz. 

Transition  from  OPS-3  to  0P$-2  - Same  as  above. 

Transition  from  OPS-00  to  OPS-2  - Same  as  above. 

Transition  from  OPS-8  to  OPS-2  - Based  upon  this  cue,  cyclic  pro- 
cessing of  the  onorbit  user  parameter  calculations  shall  commence 
at  a repetition  rate  of  0.5  Hertz. 

Transition  from  202  (maneuver  execute)  or  213  (TPF/stationkeeping) 
to  201  (orbit  coast).  - Same  as  above. 

Transition  from  212  (maneuver  execute)  to  211  (rendezvous  navigation). 
Same  as  above . 


4. 1.2-3 


Transition  from  201  to  OPS-8.  - Based  upon  this  cue,  cyclic  pro- 


cessing of  the  onorbit  user  parameter  calculations  shall  be 
cancelled. 

Transition  from  201  to  202  or  213.  - Same  as  above. 

Transition  from  211  to  212  or  213.  - Same  as  above. 

Initiate  guidance  - Based  upon  this  cue,  the  current  scheduling 
of  onorbit  user  parameter  propagation  is  to  be  cancelled.  Cyclic 
processing  of  onorbit  user  parameter  processing  is  to  be  resched- 
uled at  a repetition  rate  of  0.5  Hertz  beginning  with  this  event. 

B.  Interface  requi reinents . The  input  list  for  this  principal 
function  is  presented  in  Table  4.1 .2-2. 

C.  Processing  requirements.  None. 

D.  Constraints . None 

E.  Suppi emental  i nformati on.  The  purpose  of  cancelling  and  re- 
scheduling the  onorbit  user  parameter  propagator  upon  the  initiate 
guidance  signal  is  to  get  the  execution  of  this  module  in  "sync" 
vdth  the  execution  of  onorbit  guidance  V'thich  is  to  be  initiated 

at  this  time.  This  cancelling  and  rescheduling  is  to  be  done 
"y"  seconds  prior  to  QMS  ignition  such  that  a subsequent  user  state 
update  will  occur,  as  nearly  as  possible,  at  the  time  of  ignition, 

A suggested  implementation  of  the  onorbit/rendezvous  UPP  sequencer 
in  the  form  of  detailed  flov/  charts  is  shown  in  Appendix  D,  flow 
chart  V 
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TABLE  4.1. 2-Z:  ONORBIT/RENDEZVOUS  USER, PARAMETER  PROCESSING  PRINCIPAL  FUNCTION  INPUT  LIST 


LEVEL  B j 
MNEMONIC  1 

DESCRIPTION 

LEVEL  C 
SYMBOL 

INPUT  SOURCE 

TYPE  1 
1 

PRECISION 

RANGE 

i TBD  j 

Transition  to  MM  201  from 

Event  60 

i MSC 

BIT  1 

0FF_0N 

: m 106  event 

Transition  to  MM  201  from 
OPS-8  event 

Transition  to  MM  201  from 
; MM  301  event 

I Transition  to  MM  213  from 
1 MM20T  event 

I Transition  to  MM  202  from 

I MM201  event 

ii  ■ 

I Guidarice  initiate  event 
i Transition  to  MM2 01  from 


• MM  202  event 

i 

a~.  j Transition  to 
; MM106  event  . 

' ' 1 V ■ " ' 


211  from 


, i Trans i ti on  to  MM  21 2 from 
i j MM  211  event 

I Transition  to  MM  21 1 from 
MM  21 2 event 


Transition  to 
MM  213  event 

Transition  to 
Imm  211  event 


201  from 
213  from 


Transition  to  MM  201  from 
OPS-00  event 

Nav  initialization 
Complete  signal 


Event  60A 

Event  61 

Event  66 

Event  67 

Event  69 
Event  73 

Event  74 

Event  76 

Event  78 

Event  80 

Event  82 

Event  84 

OPS-2- 

Initialize 

Complete 


Onorbi t/ 
Rend  signal 
NAV  SEQ 


SIGNAL 


4.2  SUBFUNCTIONS  COMMON  TO  SEVERAL  NAVIGATION  FUNCTIONS 


This  section  documents  detailed  requirements  for  subfunctions 
identified  as  being  common  to  two  or  more  navigation  principal 
functions  or  their  major  subfunctions.  The  detailed  require- 
ments specified  here  will  be  referenced  from  the  sections  to 
which  they  are  common  and,  when  referenced,  may  be  regarded  as 
inserts  to  paragraph  A - Detailed  requirements  - in  these 
sections. 


4.2-1 


4.2.1  State  Propagation 


This  subfunction  will  perform  a number  of  tasks  related  to 
propagation  of  the  orbiter  and  target  state  vectors.  The 
task  of  reading  (snapping)  the  IMU's  is  performed  when  the 
total  accumulated  sensed  velocity  is  required  to  account 
for  nongravitational  accelerations  during  integration  of 
the  orbiter  equations  of  motion.  The  appropriate  modeled 
nongravitational  accelerations  (drag,  venting,  uncoupled 
thrusting)  are  computed  in  those  circumstances  in  which 
IMl)  accumulated  sensed  velocity  is  not  used.  The  orbiter 
equations  of  motion  are  integrated  with  the  use  of  either  a 
super-g  algorithm  designed  primarily  for  powered-flight 
phases  (i.e.V  those  phases  in' which  appreciable  nongrav- 
itational accelerations  are  experienced),  or  a precision 
propagation  algorithm  designed  specifically  for  coasting- 
flight  phases.  The  target  state  vector  is  always  propagated 
by  use  of  the  precision  propagation  algorithm.  The  task  of 
propagation  of  sensor  biases  is  performed  in  those  naviga- 
tion phases  in  which  the  corresponding  sensor  biases  are 
being  estimated  by  the  filter. 


I X 


4. 2. 1.1  IMU  Data  Snap 

The  IMU  data  snap  .task  v/ill  provide  the  capability  to  obtain 
the  orbiter  IMU-sensed  accumulated  velocities,  expressed  in 
M50  coordinates,  along  with  their  associated  GMT  time  tag. 
These  data  will  be  stored  for  use  in  the  state  propagation 
subfunction.  Data  from  one  good  IMU  are  required  as  indicated 
in  the  following  example: 

SNAP  IMU  (V  _CURREMT_FILT,  T_CURRENT_FILT) 

These  data  are  obtained  from  the  IMU  RM. 

The  SNAP  statement  above  implies  the  assignment  of  current 
values  to  the  variable  names  shown  in  parentheses. 


4.2. 1-2 


4. 2. 1.2  Acceleration  Models 

During  orbital  operations  gravitational,  drag,  venting  and  uncoupled 
RCS  thrusting  acceleration  models  shall  be  available  for  state 
prediction  or  propagation.  These  models  are  to  be  used  in  the 
orbiter  state  propagation  whenever  the  IMU-sensed  accelerations 
are  below  a given  threshold  level.  Propagation  or  prediction  of 
the  target  vehicle's  state  shall  use  the  gravitational  and  drag 
models. 

The  currently  functioning  propagator  and  a predictor  may  need 
different  models  at  the  same  time.  It  is  therefore  necessary  that 
the  execution  of  the  acceleration  calculations  be  protected  from 
interruption  by  other  users. 

For  the  computation  of  the  accelerations  due  to  the  Earth's  gravity, 
options  shall  be. provided  to  include  terms  derived  from  various 
degree  and  order  gravitational  potential  models.  Input  flags  GMD 
and  GMO  shall  be  set  by  the  user  to  specify,  respectively,  the  degree 
and  order  of  the  gravitational  potential  model  to  be  used.  Similarly, 
an  input  flag,  DM,  shall  be  set  by  the  user  to  indicate  whether 
or  not  to  model  drag.  Venting  acceleration  models  shall  be 
included  to  take  into  account  those  situations  when  venting  of 
predictable  magnitude,  direction,  and  duration  occurs.  These  models 
shall  include  the  effects  of  any  residual  unbalance  in  the  operation 
of  the  RCS  thrusters;  an  input  flag,  VM,  shall  be  set  by  the  user  to 
control  operation  of  this  task. 


H 
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For  the  drag,  venting,  and  uncoupled  thrusting  acceleration  com- 
putations, it  may  be  necessary  to  know  the  vehicle's  attitude. 
Attitude  affects  the  inev'tial  direction  of  the  acceleration  due 
to  venting  and  determines  the  cross-sectional  area  of  the  vehicle 
normal  to  the  velocity  vector  relative  to  the  ambient  air  for 
atmospheric  drag.  Another  user  defined  flag,  ATM,  shall  be  used 
to  control  the  options  available  in  this  attitude  calculation,  as 
described  later  in  this  section  and  in  section  4.2.1 .2.2  . 

The  acceleration  function  shall  be  called  by  the  user  with  values 
of  GMD,  GMO,  DM,  VM,  ATM,  V^,  and  T,  where  IR  and  \[  are  the 
position  and  velocity  vectors  of  the  vehicle  in  an  M50  coordinate 
system  and  T is  the  time  tag  associated  with  both  of  these  vectors. 

It  shall  then  initialize  various  perturbing  acceleration  vectors, 

6 = 0. 

D = 0. 

RCS  = 0. 

VENT  = 0. 

and  obtain  the  transformation  matrix  from  Earth-fixed  to  M50 
coord i nates  i n order  to  fi nd  the  Earth-fixed  posi ti on  vector  and 
the  corresponding  unit  vector: 

FIFTY  ^ EARTiy'lXEDJ-OJiSO^ 

R j:f  - : fifty'’'  r 

UR  - R INV  R EF 
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There  is  no  need  to  calculate  the  acceleration  vector  due  to  the 
Earth's  gravitational  attraction  as  a point  mass;  that  task  is 
performed  di;-ectly  by  the  predictors  and  the  propagators.  The 
on-orbit  acceleration  function  determines  only  perturbing  acceler- 
ations. This  being  the  case,  the  disturbing  acceleration  G due  to 
the  Earth's  non-spherical  shape,  shall  be  calculated  (see  section 
4.2.1.2.1). 

The  flags  that  control  the  use  of  drag,  venting,  and  uncoupled 
RCS  thrusting  shall  then  be  tested.  If  all  are  equal  to  zero, 
the  vector  already  contains  all  the  accelerations  required.  If, 
however,  one  or  more  of  these  flags  has  a.  nonzero  value,  more 
calculations  shall  be  needed. 

If  DM  = 1,  a drag  acceleration  vector  ^ shall  be  determined.  If 
VM  =1,  a vector  that  accounts  for  venting  and  uncoupled  thrusting 
accelerations,  y_ENT,  must  be  obtained.  In  either  one  of  the  latter 
two  cases,  or  if  both  flags  have  value  1,  it  may  be  necessary  to 
deternrine  the  attitude  matrix  of  the  orbi  ter.  There  are  circum- 
stances, namely  if  the  acceleration  vector  to  be  found  is  that  of 
the  target  vehicle,  or  if  the  acceleration  of  the  orbiter  is  required 
for  a simplified  state  prediction  used  by  guidance,  in  which  the 
attitude  matrix  is  not  needed.  The  ATM  flag  shall  be  assigned 
values  that  speciiiy  whether  or  not  the  attitude  matrix  is  required 
(see  section  4.2 .1.2.2) . If  the  matri x is  needed , the  flag  ATM  shall 


determine  how  it  is  to  be  calculated,  depending  on  whether  it  is 
to  be  used  for  propagation  or  prediction  purposes. 

In  brief,  the  values  of  the  flag  ATM  are  explained  in  the  following 
table: 


VEHICLE 

FUNCTION 

• ATTITUDE 
MATRIX  NEEDED 

ATM  FLAG 

SETTING 
■ ■ 

Orbiter 

• 

Propagation 

Yes 

0 

Prediction 

Yes 

1 

Simplified 
prediction 
(for  guidance) 

Mo 

2 

1 

Target 

All  functions 

No 

3 

Other  target 
vehicles  (if 
required) 

All  functions 

No 

>3 

.The  attitude  matrix  calculation,  if  needed,  shall  occur  prior  to 
the  calculation  of  the  acceleration  vectors  due  to  drag  or 
venting,  and  shall  be  done  as  follows. 

For  propagation  (ATM  - 0),  the  current  selected  body  to  M50 
rotation  matrix,  available  from  the  attitude  processing  principal 
function,  is  required:^^^^^ 

M>  fy^SOBOQYj  ^ 1 


For  prediction  (ATM  =1),  data  from  the  2nd,  3rd,  4th,  and  5th 
rows  of  a prestored  attitude  table  (ATT_ARRAY)  are  to  be  used  to 
construct  the  body  to  M50  rotation  matrix.  This  rotation  matrix 
shall  be  constructed  iri  two  steps.  The  first  step  shall  use  the 
Euler  angles  for  the  time- period  containing  the  given  time  T, 
obtained  from  the  3rd,  4th,  and  5th  rows  of  ATT_ARRAY,  to  construct 
the  body  to  attitude  mode  matrix  (also  denoted  M),  valid  at  the 
beginning  of  the  time  period  (i.e. , T JNITIAL): 

f C3  Cl  I C3  SI  I S3  Szl 
-S3  C2  SI  I+S3  C2  Cl  j 


_ -S3  Cl  I-S3  SI  | C3  S2 

■ " -C3  C2  Sl|+C3  C2  Cl  J 

1--.*-, 

_ S2  SI  I-S2  Cl  j C2  ^ 

Where  SI,  S2,  and  S3  represent  the  sines  of  the  Euler  angles  and 
Cl,  C2,  and  C3  represent  the  cosines  of  the  Euler  angles.  This 
matrix  will  be  a transformation  from  body  to  M50  if  the  attitude 
mode  is  an  inertial  hold,  and  from  body  to  UVW  if  the  attitude 
mode  is  a local- vertical,  local -horizontal.  Information  about  the 
various  attitude  holds,  in  the  form  of  settings  of  a flag  called 
ATT_FLAG,  are  stored  in  the  second  row  of  the  ATT_ARRAY  table. 
Attitude  Profile  Constants  in  section  4.8  contains  the  details  of 
the  table  lookup. 

The  second  step  multiplies  the  body  to  attitude  mode  matrix  by 
an  attitude  mode  to  M50  matrix,  as  appropriate.  This  attitude  i 
mode  to  H50  matrix  and  the  required  body  to  M50  rotation  matrix 


shall  be  determined  as  follows:  If  an  inertial  hold  occurs  during 

the  time  period  (ATT_FLAG  =1),  the  matrix  M is,  in  fact,  the 
required  body  to  M50  rotation  matrix.  If  an  inertial  hold  with 
rate  occurs  during  the  time  period  (ATT_FLAG  = 2),  the  matrix  M 
must  only  be  updated  from  time  T_INIT1AL  to  time  T since  it  already, 
transforms  from  body  to  M50.  This  shall  be  accomplished  vnth  use 
of  the  theory  of  quaternions  as  follows: 

1.  Transform  the  unit  vector  in  the  eigen-axis  direction  (in 
body  coordinates),  obtained  from  the  ATT__ARRAY,  into  Mb'O: 

ATT_ARRAY.  , , 

EV  = M ATT_ARRAY?’V'  . 

ATT_ARRAY^’^|  . 

2.  Calculate  the  quaternion  required  to  transform  the  matrix  M from 
time  TJNITIAL  to  time  T: 

SQ  = COS(HANG) 
yO  = SIN (HANG )EV 

where 

• HANG  = -.5  ATT__ARRAYg^j_^  (T-TJNITIAL)^  ^ 

is  the  angular  displacement  in  radians  about  the  eigen-axis 
from  •fJNITIAL  to  T. 

3.  Calculate  the  required  body  to  M50  rotation  matrix: 

• M = [2.  SQ^  ~ 1.)  IDJATRIX__3X3  + ?.  Vp  Vq'' 

• + 2.  SQ  M 

where  • ‘ ’ 
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V- 


0.  -VQ3  VQ2 

VQ3  0.  -VQ^ 

-VQg  VQ^  0. 

is  the  skew- symmetric  body  axis  rotation  rate  matrix.  If  a 
local-vertical,  local-horizontal  hold  occurs  during  the  time 
period  (ATT_FLAG  = 3 or  4)  the  matrix  M,  which  transforms 
from  body  to  UVW,  must  be  multiplied  by  a UVW  to  M50  transformation  , 
matrix  in  order  to  produce  the  required  rotation  matrix: 

M = M UVW_J0_M50(R,  V) 

Another  prerequisite  to  the  calculation  of  either  drag  or  venting 
accelerations  is  the  knowledge  of  the  right  ascension  and  declination 
of  the  Sun.  For  venting  accelerations,  this  is  needed  in  the 
"inertial  with  rate"  (or "barbecue")  attitude  mode  (see  section 
4. 2. 1.2. 3);  for  drag  accelerations,  it  is  used  in  the  computation 
of  the  atmospheric  density  (see  section  4.2.1 .2.2).  The  solar 
coordinates  shall  be  obtained  by  means  of  a call  to  the  module 
S0LAR_EPHEM,  deseribed  in  section  4.5.3.I. 

When  the  vectors  and  fENT  have  been  obtained,  the 

modeled  perturbing  acceleration  vector  shall  be  found: 

^CELj^ERrpNORBIT  = a + 1 + ra 

The  following  paragraphs  (4.2.1. 2.1,  4. 2. 1.2, 2,  and  4. 2.1. 2. 3) 

contain  the  detailed  requirements  for  the  calculation  of  these  ; 

vectors  - G,  B,  and  £ENT,  Interface  and  processing  requirements, 

constraints,  and  supplementary  information  for  all  these  tasks  are  I 

■ ■ 4,2>T-9^  - . f;  ^ 


to  be  found  in  the  descriptions  of  those  principal  functions  that 
use  them. 

A suggested  implementation  in  the  form  of  a detailed  flow  chart 
may  be  found  in  appendix  B>  The  various  codes  referenced  in  that 
flow  chart  are  to  be  found  also  in  appendix  B:  ‘ 

ACCEL_EARTH_GRAV  CODE 
ACCEL_ONORBIT__DRAG  CODE 
0N0RBIT_DEI'1SITY  CODE 
ACCEL__ATTITUDE  CODE 
ACCEL  ONORBIT  VENT  AND  THRUST  CODE 


4. 2. 1.2.1  Gravity 

The  gravitational  attraction  due  to  the  Earth's  non-sphericity 
shall  be  modeled  by  using  S.  Pines'  uniform  formulation  of  the 
spherical  harmonics  deveTopment.  This  code  shall  be  exercised 
only  if  the  flag  GMD  i.sj net  equal  to  zero,  , 


The  following  variables  are  to  be  set  up  to  serve  as  starting 
values  for  the  recursion  relations  used  in  the  Pines  formulation: 
AUXILIARY  = 0. 

R0_ZER0  = EARTH_RADIUS_GRAV  R _INV 
ROjl  = ROJERO  EARTHJIU  RJNV^ 

A]  ,2  "" 

^2,2  " 

L = 1 • 

A is  a two-column  array  used  for  temporary  storage  of  the  Legendre 
polynomials  and  the  derived  Legendre  functions  (which  are  latitude- 
dependent  terms),  and  R0_N  is  the  distance-related  term. 

AUXILIARY  is  an  intermediate  scalar  variable. 

The  recursive  calculations  shall  then  proceed,  using  as  many 
components  of  the  one-column  arrays _^ETA_REAL  and  ZETA_IMAG  as 
required  to  account  for  the  effects,  of  the  tesseraT  harmonics  . 
^ETA_^REAL  and  Z^ETA_IMA6  are  the  only  terms  that  depend  on  the 
vehicle's  longitude. 


ORIGINAL’  PAGE  IS 
OP  POOR  QUALITY 


Do  for  1=1  to  6M0: 


ZETA_REALj^^  = UR^  ZETA_REALj.  - UR^  ZETAJMAGj 
ZETAjMAGj^^  = UR^  ZETAJMAGj  + UR2  ZETAJMAGj 

ZETAJvEALj  and  ZETAJMAG-| , needed  as  starting  values  for  this 
recursive  calculation,  are  constants  described  in  section  4.8. 


The  derived  Legendre  functions  shall  then  be  obtained  by  means  of 
recursion  formulas,  multiplied  by  the  appropriate  combinations  of 
tesseral  harmonics  (the  Legendre  polynomials  shall  be  multiplied 
by  the  zonal  harmonics  coefficients),  and  stored  as  certain 
auxiliary  variables  FI,  F2,  F3,  and  F4.  ■ 


Do  for  N = 2 to  GMD  the  following  steps  (1  through  5): 


1, 


^N+1,1  ""  °- 


^N+1,2  (2.  N + 1.)  Aj^^2 


'N,1 


= A 


N,2 


^1,2  ""  ^*^3  Vl,2 
K = 2 

2.  Do  for  J = 2 to  N: 


Vj+1,1  " ^N-J-M  ,2  ■ 

^N-J+1,2  " ^^^‘3  %-J+2,2 
K = K + 1 


4.2J-12 


H 


3.  FI  = 0. 

F2  = 0. 

F3  = -A.,  ^ ZONALj^ 

F4  = -A^  2 ZONALj^ 

(These  account  for  the  zonal  harmonics  contributions.)  . 

4.  If  the  maximum  order  of  tesserals  wanted  has  not  been  attained 
(i.e.,  if  N < GMO),  do  for  N1  = 1 to  N: 

FI  = FI  + N1  Aj^^  (C|_  ZETAJlEALj^l  + ZETAJMAGj^^ ) 

F2  = F2  + NT  (S^  ZETA_REALf^^  - Cj_  ZETAJMAGj^^ ) 

DNM  = ZETA_REAL[^^^,  + ZETAJMAGj^^^.^ 

F3  = F3  + DNM 

F4  - F4  DNM 

L = L + 1 

{These  take  into  account  the  contributions  of  the  tesseral  and 
sectorial  harmonics.) 

5.  R(T_N  = RO  ^0_JER0 
g|  = Gy  + RO  PI 

62  = Gg  + R0_N  F2 

Gj  = G3  + ROJi  F3  ’ . ■ 

AUXILIARY  = AUXILIARY  H-  R0_N  F4* 

(These  equations  multiply  the  sum  of  the  zonal  and  tesseral 
effects  by  the  appropHate  di  stance-related  factors , store  the 
results  as  the  components  of  the  acceleration  vector  G,  and 
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prepare  for  final  computation  by  obtaining  the  intermediate  scalar 
variable  AUXILIARY,  which  accounts  for  an  additional  effect 
proportional  to  the  unit  radius  vector  j^R.) 

Once  these  calculations  have  been  completed  (N  = 6KiD)  and  stored, 

the  Earth-fixed  acceleration  vector  shall  be  obtained  and  rotated  to  the 

M50  coordinate  system. 

6=6-  AUXILIARY  UR 
6 = FIFTY  6 

This  is  the  gravitational  acceleration  vector  needed  for  the 
equations  of  nioLIon  of  the  shuttle.  The  values  of  6MD  and  of 
6M0  may  be  set  by  the  user  independently.  However,  it  is 
necessary  that  6M0-_<  6MD,  A maximum  value  of  8 for  6MD  shall  be 
used,  which  will  make  the  array  WNAL  have  8 components,  the  arrays 
£ and  £ have  35  components  each,  £ETA_REAL  and  £ETA_IMA6  have  9 
each,  and  A have  a maximum  dimension  of  9 by  2. 

The  terms  shown  in  the  Earth's  gravity  calculations  as  and 
are  usually  represented  by  and  respectively,  but 

were  renumbered  for  single  subscript  utilization;  the  terms 
called  ZONALj^  correspond  to  = -Cj^j  q- 

The  S.  Pines  formulation  of  the  gravitational  potential  may  be 
found,  in  condensed  form,  in  the  paper  "Uniform  Representation 
of  the  6ravitational  Potential  and  its  Derivatives,"  AIAA  Journal, 


vol.  11,  no.  11,  November  1973.  In  expanded  form,  and  with  an 
earlier  draft  of  the  computer  program  herein  presented,  it  may  be 
found  in  MDC  Report  No.  W0013,  NASA  CR  147478,  of  9 February  1976, 
"Pines'  Nonsingular  Gravitational  Potential:  Derivation,  Description 


and  Implementation". 
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4. 2. 1.2. 2 Drag 

The  computation  of  drag  accelerations  will  vary  according  to  the 
values  of  an  input  indicator,  designated  here  as  DM. 

The  value  of  this  acceleration  shall  be  set  to  zero  when  the 
acceleration  function  is  called.  ’ 

If  DM  = 0,  the  value  of  D^  shall  not  be  changed. 

If  DM  = 1 , 2 shall  be  computed  as 

D = - . 5 CD  AREA  RHO  | V _R  [ V _R/ V EHJ1ASS 
where  CD  is  the  vehicle's  drag  coefficient;  VEH_MASS  is  its 
mass;  ^ _R  = \I_  _REl  2)  ^ where  V_  and  R are,  respectively, 
the  velocity  and  position  vectors  in  M50  coordinates;  V _REL  is 
the  function  that  computes  the  relative  velocity  of  the  vehicle 
with  respect  to  the  atmosphere  (assuming  no  wind)  - 
V J1EL(V,R)  = V - EARTHJIATE  (EARTH JOLE 
RHO  is  the  density  of  the  Earth's  atmosphere;  and  AREA  is  a certain 
cross-sectional  area  of  tJie  vehicle,  a prestored  constant. 

The  calculations  shall  be  performed  in  the  following  order:  First, 

the  altitude  (needed  for  the  computation  of  the  atmospheric 
density,  RHO)  shall  be  obtained  from  the  expression 
ALT  = H__ELLIPSOID(R) 

H_ELLIPSOID  is  the  function  that  computes  altitude  above  the  reference 
ellipsoid. 
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K2,  the  factor  in  the  mathematical  model  of  the  Earth's  atmospheric 
density  that  has  to  do  v/ith  the  diurnal  effects,  shall  then 
be  obtained: 

SDEC  = SDEC  RJNV  R3 
CDEC2  = CDECl  RJNV  Rg 
CDECl  = CDECl  RJNV  R^ 

SGAMl  = SIN_S0L_RA  CJXJN  + C0S_S0L_RA  SJ1X_AN 
C6AM1  = C0S_S0L_RA  CJX_AN  - SIN_S0L_RA  SJIXJ\N 
SGAK2  = SIN_S0L__RA  CJINJN  + C0S_S0L_RA  SJ1NJN 
CGAM2  = C0SJ0L_RA  CJ1N_AN  - SINJ0L_RA  SJINJN 
COSJSIJ  = SDEC  + C6AM1  CDECl  4 SGAM'i  CDEC2 
COSJSIJ  = DIURN_EFF_5  (1.  + COSJSIJ 
COSJSIJ  = -SDEC  + CGAM2  CDECl  + SGAM2  CDEC2 
COSJSIJ  = DIURIJEFFj  (1.  + COSJSIJ 
K2  - 1.  + (ALT  DIURNJFFJ  + DIURNJFFJ  EXP  {-[(ALT 

+ DIURNJFFJ)/DIURNJFFJ]^})  (COSJSIJ  + COSJSIJ) 

where  SDEC  and  CDECl,  COS JOLJA  and  SINJOLJA,  respectively  the 
sine  and  cosine  oF  the  solar  declination  and  the  cosine  and  sine 
of  the  solar  right  ascension,  were  previously  obtained  in  the  call 
to  the  solar  ephemeris  subfunction. 

Two  values  of  DOYJFF  needed  for  the  K3  factor  of  the  atmospheric 
densi ty  calculation , which  has  to  do  with  the  semi  annual  effect , 
shall  be  obtained  from  a table  (see  sec.  4.8),  and  K3  shall  be 
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calculated  with  a linear  interpolation  between  these  values: 
DAY_OF_YEAR  = T/86400. 

Set" 

I = 1. 

Increment  I in  steps  of  1 until 

DAYJDF_YEAR  < 10.1 

Then,  let 

DAYJDNE  = 10.  (I  - ly^^^ 

Finany, 

K3  = 1 . + .1  (ALT  ANNUAL_EFF)[(DAYJ)FJ'EAR  - DAYJ3NE 
(D0Y_EFFj^.|  - D0Y_EFFj)  + 10/0^^ 

K1  and  K4.  the  factors  in  the  atmospheric  density  calculations  tha 
account  for  the  solar  radiation  intensity  in  the  1 0.7 -centimeter 
wave! ength  and  for  the  geomagnetic  disturbance,  respectively, 
shall  be  computed: 

K1  = 1 . + (ALT  + RAD_EFF)  S0L_RAD_EMIT_C0RRECT 
K4  = 1 . + (ALT  + MA6N_EFF)  GE0MAG_DISTURB_C0RRECT 

The  atmospheric  density,  RHO,  shall  then  be  obtained  by  the 
multiplication  of  these  factors  and  a n-ighttime  altitude/density 
le: 

RHO  = K1  K2  K3  K4  NIGHT_PR0F_1  EXP  [NIGHT_PR0F_2  (ALT  + 
NI6HT_PR0FJ)^/^]  : ■ 
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Besides  the  values  of  D0Y_EFF,  which  are  contained  in  a table, 
the  values  DIURN_EFFJ,  DIURN_EFF_2,  DIURNJFFJ,  DIURM_EFF_4, 
DIURN_EFF_6,  C0RR_P0WER J , C0RR_P0WER_2 , ANNUAL_EFF,  RADJEFF, 
MAGN__EFF,  NIGHT_PR0F_1 , NIGHT_PR0F_2  and  NIGHT_PROFJ  are 
constants  contained  in  another  table.  There  exist  various  tables 
of  the  tv;o  types,  but  only  one  of  each  is  to  reside  in  the  memory 
load  at  a time.  The  tables  may  be  found  in  section  4.8, 
separated  into  P0Y_EFF  tables  and  general  density  tables  (for 
the  other  variables).  The  actual  pair  of  tables  to  be  loaded 
depends  on  the  values  of  the  solar  radiation  flux  at  the  time  of 
the  mission. 

Once  the  atmospheric  density  has  been  obtained,  the  velocity  V_R> 
relative  to  the  atmosphere  but  expressed  in  M50  coordinates, 
shall  be  found  as  explained  above. 

After  the  vector  ^R  has  been  cal culated,  the  atti tude  mode  fl ag 
ATM  shall  be  tested.  This  flag  is  uti 1 i zed , in  this  case,  to 
incorporate  in  the  drag  equation  the  appropriate  values  of  the 
vehicle' s mass,  area,  and  drag  coefficient.  The  first  three 
values  of  ATM,  0,  1,  and  2,  refer  to  calculation  of  the  orbiter's 
acceleration  vector.  ' 

If  ATM  = 0 or  1,  the  current  mass  of  the  orbiter  and  its  reference 
cross-sectional  area  shall  be  used  in  the  equations,  but  its  drag 
coefficient  shall  be  calculated  as  described  below.  If  ATM  = 2,  the 
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mass  and  area  of  the  orbiter  shall  be  the  same,  but  the  drag 
coefficient  shall  be  set  to  a premission  stored  reference  value. 

This  setting  is  meant  for  utilization  by  guidance,  for  a fast, 
simplified  state  vector  prediction.  If  ATM  > 2,  the  acceleration 
vector  to  be  computed  is  that  of  the  target  vehicle.  The  mass, 
area,  and  drag  coefficient  of  this  vehicle  will  therefore  be  used. 

For  that  purpose,  these  quantities  shall  be  available  as  compo- 
nents of  3 vectors  REF_MASS,  REFJCD  and  ^EF_AREA,  premission- 
stored,  of  which  REFj-lASS^  , REF_CD-j  and  REF_AREA^  pertain  to 
the  orbiter,  and  subsequent  ones  to  as  many  target  vehicles  as 
needed  for  each  particular  mission. 

The  calculation  of  the  orbiter's  drag  coefficient  in  the  cases' 
where  ATM  has  values  0 or  1 shall  be  preceded  by  a table  lookup  to 
obtain  the  configuration  of  the  orbiter  vehicle.  The  configuration 
shall  be  specified  by  an  integer  variable  J with  values  that  indicate 
the  external  aspect  of  the  shuttle:  for  instance,  J =1  for  payload 
bay  doors  closed,  0 = 2 for  the  same  doors  open,  0 = 3 
manipulator  arms  extended,  0 - 4 for  payload  deployed,  etc.  The 
table  lookup  and  the  table  itself  are  described  in  section  4.8. 

The  drag  coefficient,  in  these  cases,  shall  be  obtained  as  a function 
of  the  square  of  the  sine  of  the  angle  of  attack  (SA)  and  of  the 
sine  of  the  angle  of  sideslip  (SB).  If  ATM  = 0,  which  indicates 
the  drag  acceleration  is  to  be  used  for  orbiter  state  propagation 
(that  is,  for  determination  of  the  current  state  vector),  these 
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sines  can  be  obtained  from  currently  avalTable  angles  ALPHA  and  BETA 
from  the  attitude  applications  calculation  principal  function 
SA  = [SIN(ALPHA)]^ 

SB  = iSIN(BETA)l 

If  ATM  = 1,  the  drag  acceleration  is  to  be  utilized  for  orbiter 
state  prediction  (determination  of  the  state  vector  at  some  time 
in  the  future  or  past)  and  the  sines  of  the  angles  of  attack  and 
sideslip  must  be  obtained  from  the  velocity  vector  relative  to  the 
atmosphere  but  expressed  in  body  coordinates: 

V _REL_B0DY  = M**^  V 3 

where  M is  the  transformation  matrix  from  body  to  M50  coordinates. 

If  the  Z-component  of  this  vector  is  practiGally  zero  (smaller 
in  absolute  value  than  some  very  small  number  EPS_VRB),  the  sine 
of  the  angle  of  attack  shall  be  set  to  zero: 

otherwise,  it  shall  be  found  from  the  formula 
SA  = 1 V3EL_B0DY3  I ^/  ( V3E1^0DY^  + V3El^^ 

In  either  case,  the  sine  of  the  sideslip  angle  shall  be  computed 
with  the  expression 

SB  -•  |V_REL_B0DY2l/lV  _R| 

The  sine  of  double  the  sideslip  angle  is  also  needed  - 
S2B  = 2.  SB  SQRT(1.  - SB^) 


and  the  drag  coefficient  for  configuration  J is  given  by 

EXP_SHAPE_FACTOR, 

CD  = (CDFj  + CDNj  SA  )(1 . - SB)  + 

CD5j  SB  GDAj  S2B  SA 

where  CDF,  CDN,  CDA,  g)S  and  £XP_SHAPE_FACTOR  are  constants 
described  in  section  4.8. 

Finally,  the  drag  acceleration  shall  be  obtained  from  the  expression 
D = -.5  CD  AREA  RHO  |V  _Rl  V _R/VEH_MASS^ 


4.2. 1.2/3  Venting  and  Uncoupled  RCS  Thrusting 
The  models  for  the  acceleration  due  to  venting  and  uncoupled 
thrusting  shall  be  available  for  use  in  both  orbi ter  state 
propagation  and  orbi ter  state  prediction.  It  is  assumed 
that  the  onboard  software  will  have  the  capability  to  access  from 
storage  a time  line  of  significant  vent  sources,  as  well  as  an 
attitude  profile.  This  information  shall  be  used  to  compute  the 
vector  y^ENT,  the  acceleration  due  to  venting,  which  shall  be  used 
in  the  integration  of  the  orbiter's  equations  of  motion. 

A flag  (VM)  shall  be  set  to  indicate  whether  or  not  venting 
acceleration  shall  be  computed.  A flag  setting  of  VM  = 0 shall 
indicate  that  the  IMU-sensed  accelerations  are  being  used  in  state 
vector  integration,  and  hence  the  venting  acceleration  vector 
shall  be  set  to  zero  — that  is,  VENT  =0.  A flag  setting  of 
VM  = 1 shall  indicate  that  the  acceleration  due  to  venting  is  to 
be  modeled.  (Note  that  modeling  of  both  venting  and  uncoupled 
thrusting  is  controlled  by  the  same  flag  (VM).) 

Corresponding  to  each  of  the  MAX_NUM__V ENT  vent  sources  isa  - 
time  line  of  its  OFF-ON  states.  This  information  is  stored  in  VENT 
ARRAYj  the  I-th  row  containing  the  NUM_VENTj  times  at  which  the 
vent  I changes  state  from  OFF  to  ON  or  from  ON  to  OFF.  If  the 
I-th  vent  (I  = 1 to  MAX_NUM_VENT)  is  ON  at  time  T,  then  the  vent 
vector  is  updated  with  the  value  of  the  acceleration  for  the  I-th 


s 


raT  = VENT  + VENT_TABLE(I)  ‘ 

where  VENT_TABLE( I)  contains  the  body-relative  thrust  vector  for 
the  I-th  venc.  If  the  I-th  vent  (I  = 1 to  HAX_NUM_VENT)  is 
OFF,  the  value  of  WNT  is  not  changed.  : Section  4.8  contains  the 
details  of  the  table  lookup  procedure  for  VENT_ARRAY  and  VENT_TABLE. 

The  uncoupled  thirusting  accelerations  that  occur  during  attitude 
maintenance  caused  by  venting  shalT  be  Incorporated  into  the  total 
uncoupled  thrusting  acceleration  vector  as  follows:  If  the  I-th 

vent  is  ON  at  time  T,  the  uncoupled  thrusting  vector,  ^CS,  shall 
be  updated  with  the  value  of  the  uncoupled  thrusting  vector  (in 
body  coordinates)  corresponding  to  the  I-th  vent: 

RCS  = RCS  + 

If  the  I-th  vent  is  OFF,  the  value  of  RCS  is  not  modified. 

Besides  trying  to  compensate  for  venting  accelerations,  the 
RGS  thrusters  operate  to  keep  the  shuttle  at  special  attitude 
holds  during  certain  phases  of  the  missions.  The  special  attitudes 
that  have  been  identified  are : 

a)  The  vehicle's  X body  axis  oriented  along  the  local  vertical 
(X-local-vertical 

b)  The  vehicle's  Z body  axis  oriented  along  the  local  vertical 

hold) i 

c)  The  three  body  axes  make  constant  angles  with  the  M50  coordinate 
axes  (inertial  hold); 
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d)  The  vehicle  rotates  vn'th  constant  angular  velocity  about  its 
X body  axis,  which  is  kept  almost  perpendicular  to  the  Earth- 
Sun  direction  (inertial-V'^ith-rate  or  "barbecue"  hold). 

The  inclusion  in  the  equations  of  motion  of  the  accelerations  caused 
by  the  uncoupled  thrusting  of  the  RCS  engines  requires-  knowledge 
of  the  transformation  matrix  M that  converts  from  body  to  M50 
coordinates.  This  matrix  is  obtained  in  different  v/ays,  depending 
on  whether  it  is  to  be  used  for  prediction  or  propagation. 

Section  4. 2. 1.2  describes  the  computation  of  the  matrix. 

The  computation  of  the  RCS  uncoupled  thrusting  acceleration  vector 
in  body  coordinates  shall  be  done  as  follows.  The  attitude  hold 
maintained  by  the  vehicle  shall  be  identified,  in  the  case  of  propaga- 
tion, by  comparing  the  appropriate  columns  of  the  M matrix  with 
the  unit  position  vector  of  the  vehicle  or  of  the  Earth-Sun 
line,  or  by  checking  the  shuttle's  rotation  rate . In  the  case  of 
prediction,  the  attitude  hold  shall  be  identified  by  the  values  of 
a flag  (ATT_FLAG) , which  have  been  prestored  in  a table  in  the  form 
of  a time  line. 

The  four  cases  (one  for  each  of  the  attitude  holds  described 
above)  are: 

1 . If  it  is  determined  that  the  shuttle  is  maintaining  a Z-local- 
verti cal  attitude  hold,  the  total  uncoupled  thrusting  acceleration 


vector  shall  be  updated  with  a premission-determined  Z-local- 
vertical-hold  uncoupled  thrusting  vector  in  body  coordinates: 

RCS  = W:S  + RCS_ZLV 

The  Z-local -attitude  hold  shall  be  indicated,  for  prediction, 
by  ATT_FLAG  =3,  and  for  propagation,  by  . 

Epsi  i"i  to  s;3  • 

v/here  R is  the  position  vector  in  M50  coordinates,  M is  the 
body  to  M5Q  transformation  matrix,  EPS!  is  the  Z-Toca1 -vertical 
hold  tolerance,  and  R_INV  is  the  reciprocal  of  the  magnitude 
of  R..  ^ 

If  it  is  determined  that  the  shuttle  is  maintaining  an  X-local- 
vertical  attitude  hold,  the  total  uncoupled  thrusting  acceleration 
vector  shall  be  updated  wi th  a premission-determined  X-1 ocal- 
vertical-hold  uncoupled  thrusting  vector  in  body  coordinates: 

The  X-local-vertical  attitude  hold  shall  be  indicated,  for 
prediction,  by  the  value  ATT_FLA6  = 4,  and  for  propagation,  by 
EPS2  <1M,  3^,  • Rl  RJNV 

where  EPS2  is  the  X-local-vertical  hold  tolerance. 

If  it  is  determined  that  the  shuttle  is  maintaining  an  inertial 
attitude  hold,  the  total  uncoupled  thrusting  acceleration 
vector  shall  be  updated  with  a premi ssi on-determi ned  i nerti al 
hold  uncoupled  thrusting  vector  in  body  coordinates : 

RCS  = RCS  -i-  RCS_INH 

The  inertial  attitude  hold  shall  be  indicated,  for  prediction, 
by  ATT_FLAG  = 1,  and  for  propagation,  by 
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jWBRl  <EPS3 

where  WBR  is  the  IMU-derived  body  rate  in  radians  per  second 
and  EPS3  is  the  inertial  hold  tolerance. 

4.  If  it  is  determined  that  the  shuttle  is  maintaining  an  inertial- 
with-rate  hold  the  total  uncoupled  thrusting  acceleration 
shall  be  updated  with  a premission-determined  inertial-with- 
rate  uncoupled  thrusting  vector  in  body  coordinates: 


RCS  = RCS  + RC$_BBQ 

The  inertial-with-rate  attitude  hold  shall  be  indicated,  for 
prediction,  by  the  value  ATTJFLA6  = 2,  and  for  propagation  by 


|M^  to  3 1 ■ < EPS4 

where  EPS4  is  the  inertial-with-rate  tolerance. 


The  resulting  uncoupled  thrusting  vector  shall  be  incorporated 
into  the  total  vent  and  uncoupled  thrusting  acceleration  vector 
and  rotated  to  M50  coordinates. 


y^ENT_THRUST_BIAS  is  the  body-relative  estimated  thrust  acceleration 
bias  vector. 


When  this  acceleration  bias  vector  is  being  estimated  by  the  filter, 
the  acceleration  vector  (al so  denoted  as  VENT)  due  to  venting, 
uncoupled  thrusting,  and  estimated  acceleration  bias  is  to  be 
calculated  as  follows: 

VENT  = M (VENT  + _R_CS  + VENT_THRUST_BIAS) 

When  the  acceleration  bias  vector  is  not  being  estimated  by  the 
filter,  the  equation  remains  valid,  but  the  vector  V^ENT_TMRUST_BIAS 
shall  be  set  equal  to  0 by  the  initialization  softv/are. 
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4. 2. 1.3  Integration  of  State  Equations  of  Motion 

Two  sets  of  equations  of  motion  shall  be  utilized  for  the 
propagation  of  the  position  and  velocity,  vector  of  the 
orbiter.  Each  of  these  sets  is  accompanied  by  its  ov/n 
integration  scheme.  ' 

During  powered  flight  navigation  phases,  the  equations 
used  have  the  form  of  a Taylor  series  truncated  at  the 
term  in  h , where  h is  the  step  size.  The  integration 
scheme,  called  "Super-g”,  is  an  improved  version  of  the  aver- 
age-g  method,  containing  a corrector  cycle.  During  phases  in 
which  short  arcs  of  powered  flight  may  be' Connected  by  short  - 
arcs  of  free  flight,  this  integration  method  shall  be  in 
effect  throughout.  The  only  difference  is  that  during 
the  powered-flight  arcs  the  non-gravitational  accelerations 
shall  be  measured  by  the  IMU's  whereas  in  the  free-f light 
arcs  they  shall  be  modeled. 

During  coasting  flight  navigation  phases  the  equations  of 
motion  are  to  take  the  form  of  a variation-of-parameters 
method  devised  by  S.  Pines,  where  the  paranieters  to  be 
varied  are  the  Cartesian  initial  conditions  of  the  motion. 

The  integration  scheme  to  be  used  in  connection  with  these 
equat i ons  is  the  Gill  modi f i cat i on  of  the  Ru nge- Ku tta 
technique.  This  same  scheme  shall  be  utilized  to  propagate 
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the  position  and  velocity  vectors  of  the  target  vehicle 
during  all  rendezvous  phases. 

The  follovn'ng  two  subsections,  4.2, 1.3.1  and  4. 2.1. 3.2 
describe,  respectively,  the  Super-g  and  the  Precision 
integration  algorithms. 


4. 2. 1.3.1  Super-g 


The  Super-g  integrator  contains  the  following  sequence  of 

steps:  it  shall 

1.  Obtain,  through  its  calling  arguments,  the  flags  re- 
quired’ for  invoking  the  acceleration  function  A*^CEL_ 
PERT_0N0RBIT  (that  is,  the  degree  and  order  of  the 
gravitational  potential,  the  drag  mode,  the  vent  mode 
and  the  attitude  mode  flag  settings),  the  position 
and  velocity  vectors  that  are  to  be  propagated,  the 
time  at  which  the  new  state  is  desired,  the  time  in- 
terval of  propagation  and  the  difference  between  the 
current  and  the  previous  IMU  accumulated  sensed  vel- 
ocities (which  could  be  zero).  Ifshan  internally 
rename  these  parameters  respectively  GD,  GO,  DEL,  VFL, 
ATFL,  R_SUP,  OUR. 

2.  Advance  the  position  vector  with  the  use  of  the  pre- 
vious position  and  velocity  vectors,  the  time  interval 
DT,  the  acceleration  vector  £R_NEW  saved  from  the  pre- 
vious  cycles  and  the  val ue.  of  D\' : 

XSUP  = R_SUP  + DT  [yjUP  + .5  (p  + DT  ^EH)] 

3.  Evaluate  an  intermediate  modeled  acceleration  vector 
with  the  input  flag  settings,  the  new  position  vector, 

GF^INT  = ^CELJ^ERTJDNORBIT  (GD,  GO,  DFL,  VFL,  ' 
ATfL,  RJSUP,  V_SUPv 

4.  Introduce  the  central  force  term  of  the  Earth's  gravi- 


tationaV  attraction,  v;hich  is  not  included  in  the 
ACCEl_PERT_ONORBIT  function 

GR_INT  = GRJNT  - EARTHJiU  ^SUP/|^SUP|^ 

5.  Advance  the  velocity  vector  with  the  use  of  an  average 
modeled  acceleration  and  the  sensed  velocity  change  DV: 

^SUP  = + DV  + .5  DT  (6RJNT  + GRJIEVI) 

6.  Correct  the  value  of  the  position  vector: 

^SUP  = '1_SUP  + (£R_INT  - GRJIEVI)  DT^/6. 

7.  Find  la  new  value  of  the  acceleration  vector,  based  on 

the  advanced  position  and  velocity  vectors  and  their 
time  tag,  including  t^^^^  force  term:- 

6RJEW  = ACCELJERTJNORBIT  (GD,  GO,  DFL,  VF,  ATFL, 
; R_SUP,  l^SUP,  T_CUR) 

GRJEW  = GRJEW  - EARTHJU  FLSUP/|R_SUPl^ 

The  position  and  velocity  vectors  obtained  constitute  the 
required  propagated  state,  and  shall  be  placed  in  the  out 
list  of  the  integrator;  £_NEW  shall  also  be  placed  in  the 
out  list,  for  Storage  in  a COMMON  location  where  it  can  be 
accessed  by  Super-g  for  its  next  cycle,  as  well  as  by  other 
users.;  : ^ ' . ' ; ^ I-  . ■. 

For  detai Is  of  the  use  of  ^GELJERIJNORBIT/  see  secti  on 
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4.2.1 .3.2  Precision 

This  subfunction,  v^hich  provides  precision  integration  of 
the  orbiter  or  target  position/velocity  state  equations  of 
motion  during  coasting  flight,  shall  use  a fourth-order 
Runge-Kutta  numerical  integration  technique,  modified  with 
Gill 's  coefficients,  in  conjunction  v/ith  an  equations-of- 
motion  formulation  developed  by  S.  Pines.  Noncentral  body 
accelerations  shall  be  generated  by  the  acceleration  models 
(sec.  4.2.1 .2)  to  account  for  perturbations  due  to  drag, 
venting  and  uncoupled  thrusting,  and  variations  in  the 
Earth's  gravitational  potential.  The  precision  integration 
computational  scheme  shall  be  performed  as  follows: 

1.  Gravity  (GMD  and  6MD),  drag  (DM),  venting  (VM),  and 
vehicle-attitude  (ATM)  mode  flags  shall  be  obtained,  • 
together  with  the  integration  step  size  (DELTA_T),  in- 
i tial  state  and  time  (R  IN,  V IN,  and  T__IN) , and  final 
time  at  the  end  of  the  integration  interval  (I^IN). 

2.  The  final  time  shall  be  evaluated  relative  to  the 

i ni ti al  time  to  reset  the  step  size  (DTJSTEP)  to  a pos- 
itive or  negative  value,  to  permit  forward  or  backward 
integration final  time  (T_FIN).is.less  than  the 
initial  time 

DT_STEP  = - DELT/yr 
Otherwise, 
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3.  Since  the  same  Runge-Kutta-Gi 11  integration  technique  S 

li 

shal 1 be  used  for  the  state  propagation  and  prediction  | 

I 

functions,  the  Adams-Moulton  flag  (AM)  is  set  to  OFF,  • i 

I 

as  only  Runge-Kutta-Gi 11  integration  is  performed  for  j 

propagation.  In  addition,  the  integrator  time  shall 

be  set  to  zero  and  the  initial  state  vector  shall  be  ' | 

renamed  for  use  in  the  Pines  equations-of-moti on  for-  I 

■ mulation:  : I;:.  • ji 


AM  = 

^ OFF 

TJCUR  = 0. 

XN^ 

to  3 ~ 

m 

XN4 

to  6 ” 

1 

m 

XNy 

= 0. 

In  the  above  equations,  a seventh  variable  of  integra- 
tion (XNy)  is  initialized  to  zero  as  required  by  the 
Pines  technique.  This  seventh  variable  is  the  integra- 
ted initial  time. 

4.  Next,  the  number  of  integration  steps  (NJSTEPS)  required 
for  the  input  integration  interval  shallbecalculated: 

/t_FIN  - J IN  \ 

N_sTEPS  = TRUNCATE  + 1 

\ DT_STEP  / 

5..  The  actual  integration  of  the  orbiter  or  target  state  equa- 
tions (formulated  according  to  the  Pines  technique)  shall  now 
be  performed  by  proceeding  as  follows  for  each  step  in 
the  integration  interval . Note  that,  in  the  Pines  equations- 
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-of-motion  formulation,  it  is  the  initial  conditions 
(R  IN,  V IN,  and  T_IN)  that  are  integrated  and  then 
used  in  the  closed-form  solution  of-atwo-bodyj  unper- 
turbed orbital  problem  using  an  F-  and  G-series  type 
expression. 

On  each  step , a check  shall  be  made  to  eval uate  the 
number  (I)  of  the  current  step.  If  the  integrator  is 
on  the  final  step  (i.e.,  I = N_STEPS),  then  the  in- 
tegration step  size  (DTJSTEP)  shal 1 be  adjusted  such 
that  the  last  step  will  complete  the  integration  to 
the  final  time:  ■ 

DT_STEP  = T_FIN  - TJCUR  - T_IN 
The  fourth-order  Runge-Kutta-Gi 11  integration  technique 
shall  then  be  invoked  in  conjunction  with  the  Pines 
formulation  as  follows. 

The  Runge-Kutta-Gi 11  integrator  shal 1 fi rst  save  the 
initial  integrator  time  of  the  current  step: 

T^TOR  = T_CUR 

Then,  for  each  of  four  (i.e.,  0=1  to  4)  Runge-Kutta- 
Gill  evaluations, 

T_CUR  = T_ST0R  + Bj  DTJSTEP 

The  Pines  equations-of-motion  formulation  shall  then 
be  exercised  to  calculate  the  derivatives  of  the  in- 
itial conditions  (DERIV),  and  the  Runge-Kutta-Gill  in- 
tegration is  continued: 
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b.  The  conic  solution  subfunction (F_AND_G)  shall  then 
be  invoked  to  calculate  several  terms  used  in  the 
computation  of  the  conic  velocity  vector  (X^ 

and  the  initial  condition  derivatives  and  compute 

the  two-body  conic  position,  vector  (^|  p" 

follows  (see  section  4.2.7)  ^ ‘ • . 

; CALL:  F_ANILG’  . 

IN  LIST:  SMA,  DELTAI^.;-C1 , XN^  3 0.  , RJN_^INV,  0. » 

^*^4  to 

OUT  LIST:  F,  G,  FOOT,  GDOT,  SO,  SI,  S2,  S3, 

Xi  to  3.  R_FIN_INV, 

c.  The  two- body  velocity  vector  shall  then  be  computed : 

' '‘4  to  6>  ™T  XN,  to  3 * XN^  / 

d.  The  perturbation  accelerations  shall  now  be  calculated 
and  several  computations  shall  then  be  performed  to 
compute  perturbati on  derivatives  for  F-  and  G- series 
type  terms  for  use  in  calculating  the  total  deriva- 
tives of  the  seven  variables  of  integration: 

T_ACCEL  = T_IN  + T_CUR 

IP  = A^CCEL__PERT_ONORBIT  (GMD,  GMO,  DM,  VM,  ATM, 

^1  to  3‘  ^4  to  6 ’ "LACGEL) 

0_TAU  = 3 . P ■ 


C2  = cr 


C3  - 1./C2 


C4  = C2  D AUX 
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51  = Cl  SI  S3  = SMA  S2  C5  = C4  SI 

52  = G2  S2  S4  =2,  S3  DAUX  S5  = S2  D_JAU 

DD  = SI  C3  R_IN  (SMA  R_IN_INV-1.)  + SOD_IN 

S6  = 2.  S2  C4  DD  + S5 

R_IN_TAU  = S4-C2  SI  D_AUX-S1  D_TAU  . 

RjN_Aux  = Rjnjm  9^njm 
Fjm  = S^m  R_1N_AUX  - S4 

Qrjm  = C5  FTIN  - S6 

= FOOT  (C4-RJ:N_AUX) 

GD_JAU  = S4  R_FIN_J:NV 

e.  Finally,  the  total  derivatives  of  the  variables  of 
integration  are  to  be  computed  as  follows: 

“ERIV;  3 =.  GD_TAU  X,  3 ‘ G_TAU  5 - G P 

“ERIV,  5 = -FDJTAU  X,  t„  3 + F_TAU  X 4 g ^F  I 

OERIV.  = S6  - 3.  Cl  C4  SMA  THETA  - C5/R_FIN_INV 

6.  After  the  required  number  of  integration  steps  (NJ5TEPS) 

has  been  completed  a final  call  shall  be  made  to  the  Pines 
formulation  to  calculate  the  position  and  velocity  vectors 
(X^  2 and  X^,^  g)  by  applying  the  integrated  initial 

conditions  to  the  Pines  equations  defining  the  closed- 
form  two-body  solution. 

7.  Finally,  the  position  and  velocity  vectors  are  to  be 
renamed  for  output,  and  a new  gravity  acceleration  vector 
(G  NEW)  is  to  be  calculated: 
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RJIN 
VJIN 
G NEW 


= X 


1 to  3 


= X 


.'"4  to  6 

ACCEL_PERTJDNORBn  (6MD,  6M0,  DM,  VM,  ATM, 
^FIN,  T_FIN)  - EARTH_MU  RJIN/1  ITFINl 


4,2.1-38 


1 : L . I I , i I .. 

4.2.2  Covariance  Matrix  Propagation 

The  onorbit  covariance  matrix  propagation  subfunction  will 
propagate  the  covariance  matrix  forward  in  time  by  using  the 
state  transition  matrix.  Additive  process  noise  will  be  in- 
corporated to  account  for  unmodeled  state  and  dynamic  errors. 

The  transition  matrix  is  broken  into  two  parts  - PHI,  dimen- 
sioned 9 by  9 which  corresponds  to  the  first  nine  states 
(orbiter  position  and  velocity  and  acceleration  bias  estimates) 
in  the  total  transition  matrix;  and  PHI_REt^D,  dimensioned  10  by 
10,  which  corresponds  to  the  last  ten  states  (target  position 
and  velocity,  and  rendezvous  sensor  bias  estimates)  in  the  total 
transition  matrix  and  is  used  only  during  rendezvous.  So  the 
upper  left  9 by  9 portion  of  the  covariance  matrix,  E,  is  al- 
ways propagated  onorbit,  but  the  rest  of  the  covariance  matrix 
is  propagated  only  during  rendezvous.  ' 

The  propagation  of  the  upper  left  9 by  9 portion  of  E will  be 
formulated  for  the  free-flight  phase  differently  than  for  the 
powered-fl ight  phase.  For  free  flight  the  full  9 by  9 portion 
will  be  propagated,  defining  uncertainties  in  position,  velocity, 
and  estimated  acceleration  biases.  For  powered  flight,  only  the 
6 by  6 portion  of  the  covari ance  matrix  associated  wi th  pos i tion 
and  velocity  uncertainties  will  be  propagated. 

The  components  of  the  state  transition  matrix  are  mathemati- 
cally defined  as  the  partials  of  the  current  state  with  re- 
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spect  to  the  previous  state.  For  free-flight  phases,  PHI 
will  be  formulated  as  shown  in  Figure  4. 2.2-1 . 


PHI  == 


I ^^^^1  to  3,  7 to  9 

*"^^1  to  6,  1 to  6 I“T|t 

I to  6,  7 to  9 


Figure  4. 2. 2-1 


0 


J 0 t PHT 

3x3  . ■'3x3  ' ^"^7  to  9,  7 to 

I I 

State  Transition  Matrix  Coinposition 


- Free  Flight 


This  matrix  is  subdivided  into  the  folTovn'ng  submatrices: 

1 . A 6 by  6 submatrix,  PHI-j  g 1 g,  composed  of  the 
Grbitcr  position  and  yelocity  portion  of  the  total  tranr 
sition  matrix.  This  submatrix  is  calculated  by  the  mean 
conic  parti als  subfunction  as  described  in  section  4,2.8. 
The  following  assignments  must  be  made. 

VJNE  = VJ.AST 

TplJ\C(y-AST 
OWO  = rjilt 
t:  : ■ 'rjv^  : 

£TW0  = I0T_ACC 
DELTIM  = DIJ^ILT 

Then  after  the  mean  conic  partial s subfunction  has  ex- 
ecuted: 


PHI.  r T = PHI  MG. 
1 to  6,  1 to  6 — 


2. 


A 6 by  3 submatrix,  PHIi  g 7 -^o  9’  composed  of  two 
3 by  3 matrices’  that  c^^^  position  and  velocity 


with  the  estimated  bias  accelerations. 

Where 

PHIj  j +g  = M_SB0DYM50j^jTAU_VENTj(0T_FILT 
- DIAGj) 

vjhere 


for  I 
J 


DIAGj  = TAUJ/ENTj  (1 . - PHIj  ^ j ^ g) 

3.  A 3 by  3 diagonal  submatrix,  PHIy  g y g,  that 
represents  the  bias  portion  of  the  transition  matrix. 
Where  • ■ ' 

PHI 


= o-dtjilt/tau_ven^^^ 

I + 6,  I + 6 ® ^ (for  I = 1 to  3) 


4.  Two  3 by  3 null  matrices. 

The  state  noise  covariance  matrix,  S,  shall  be  formulated  as 
shown  in  Figure  4. 2. 2-2.  This  matrix  is  to  be  used  to  account 
for  unmodeled  state  errors  and  uncertainty  in  unmodeled  accel- 
erations. 


S = 


^1  to  3,  1 to  3 I ^1  to  3,  1^3x3 

. «w*s»  , tsaume  •m*’  - tumitnsi , «BiKTO  : ' '^jasstaf-  ' '«i 

^4  to  6,  1 to  3 [ ^4  to  6,  4 to  6 } ^3x^ 


0 


3x3 


I Ov 

! 


3x3 


\ s 

j-  7 to  9,  7 to  9 


Figure  4.2 .2-2 . State  Noi se  CO variance  Matri x Compos iti on 
Free  Flight  ^ 


1 to  3 
1 to  3 
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The  entries  in  Figure  4. 2.2-2  will  be  defined  as  follows: 

5,  4 6 = DUG  DUgT 

where 

DIAG  = DT_FILT  D_COE_PCTJRR  D 

Sy,  4.^  c 14.^,  = 0.5  DT  FILT  S.  . . /i  c ' 

4 to  6,  1 to  3 — 4 to  6,  4 to  6 

to  3,  4 to  6 ^ ^4  to  6,  1 to  3 

^1  to  3,  1 to  3 DT_FILT  to  6,  1 to  3 

=1  + 6.  I + 6 ' VAR_VENT_DT  (1 . -PHlf  + 6,  I + 6> 

for  I = 1 to  3 V 

The  covariance  matrix,  E,  will  then  be  propagated  by  the 
following  equati on; 

^1  to  9,  1 to  9 " ^1  to  S',  1 to  9 ^ 

The  pov/e red-flight  phase  vvill  be  indicated  by  the  PWRD_FLT__ 

NAV  parameter  being  set  to  ON.  During  this  phase,  the 
covariance  matrix  will  be  propagatediby  the  following  equation: 

^1  to  6,  1 to  o'"  ^^^1  to  6,  1 to  6^1  to  6,  1 to  to  5> 

1 to  6 h to  6,  1 to  5 

The  6 by  6 matrix,  PHI^  6,  1 to  defined  as  being 

identical  to  the  free- fl ight  phase. 


The  6 by  6 state  noise  matrix,  g ^ g will  be  form- 

ul ated  as  folio ws:  First,  the  misalinement  errors  are  account- 


9-2*Z'-|7 


. r 


4 to  6 , 4 to  6 


DV_FILT3  DIAGg 
+ DV  FILTo  DIAG, 


i-DV_FILT^  DV_FILT2  DIAG^ 


jDV_FILT^  DIAG, 


1+  dv_filt|  DIAG^ 


-DV_FILT^  mjlU^  DIAG3 


-DV  FILT,  DV  FILTo  DIAGol-DV  FILTo  DV  FILT-  DIA6 


¥ I X L-  I -|  U V I 


1 2 ^ *“  * 2 


1 


-DV_FILT^  DV_FILT3  DIAG^ 




-DV_FILT2  DV_FILT3  DIAG^ 


I DV_FILT^^  DIAG2 
i + DV_FIil|  DIAG^ 


tacssosm 


S-i  ..  c”  0*5  FILT  c~  . +«  /“ 

1 to  3;  4 'to  6 — 4 to  6,  4 to  6 

^4  to  6,  1 to  3”  ^1  to  3,  4 to  6 

to  3,  1 to  3"  DT_FILT  S|  to  3,  4 to  6 

where 


DIAG 


j - yARJMU_ALIGNj  + (TJ.ASTFILT  - TJ^LIGN^  VAR_^  (for  I - 1 to  3) 


The  accelerometer  errors  are  then  accounted  for  by 

I " I + noise_r  ^ 


f (for  I = T to  3) 


+ 3,  I + 3 " + 3,  I + 3 

Si  ^3,  I = Si  + 3,  I t NOISEJW 

Si,  I + 3 " Sj  + 3^  I 


where 

NO ISE  = VAR  ACCJ3UANT  + ( VAR_UNMOD_ACC_DT ) DT__FILT 
N0ISE_R  = NOISE  (DT_FILT)^  0.25 
NOISEJIV  = NOISE  (DT_FILT)  0.5 
During  rendezvous  the  rest  of  the  covariarice  matrix  must 
be  propagated.  This  is  accompi i shed  by  using  a 10  by  10 
state  transition  matrix  PHI_REND,  formulated  as  shown  in 
figure  4. 2. 2-3. 


PHI  REND  = 


PHIJlENDi  toe,  1 to  6 I °3x6 


0 


3x6 


I PUrRENO. 

i / 


i 


to  10,  7 to  10 


Figure  4.2, 2-3.  State  transition  matrix-rendezvous. 


This  matrix  is  subdivided  into  the  following  suhmatrices: 

1 . A 6x6  submatrix,  PHI_REND-|  g composed  of 

target  position  and  velocity  portion  of  the  total  transition 
matrix.  The  subiiatrix  is  calculated- by  the  mean  conic  par- 
. tial s subfunction  as  described  in  section  4.2.8.  The  follow- 
ing assignments  must  be  made. 

R ONE  -=  R TV 
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LPNE  = I_TV_LAST 
£ONE  = 6JVJ.AST 
^TWO  = RJV 

yjrwo  = v_TV 

1^0  = GJV 

DELTIM  = D1_FILT  * 

Then  after  the  mean  conic  partial  subfunction  has  ex- 
ecuted: 

P«_REND,  to  6,  1 to  6 = 

A 4x4  submatrix,  PHI_RENDy  -jq  j to  TO’  composed  of 
the  sensor  bias  portion  of  total  transition  matrix. 

Where 

PHI_REND  1 ,6.  , , 6 - e-‘>T_Pll-T/TAU_SENSj  , , 

The  state  noise  matrix  is  formulated  for  rendezvous  as 
follows. 

+ 6 I + 6 - TAUJSENS  j VAf^ENS^Tj^  n 


REND 


1 + 6,  I + 6^  • ^ 1 to 


The  rest  of  S REND  is  zero. 


The  remainder  of  the  covariance  matrix  is  propagated  as 
follows. 

^10  to  19,  10  to  19  ^ ^10  to  19,  TO 

PHIJTENd'*^  + SJTEND 

E , = PHI  E,  Q in  Id  PHI  rend’’ 

‘^l  to  9,  10  to  19  ‘ i to  9)  10  to  19  - 


to  4) 
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Finally  the  entire  19  by  19  covariance  matrix  is  made 


s^mimetri  c . 


l‘El,  J 


lo'j  d - I + '1  5 15) 


NL 


i - v- 


4.2.3  State  Vector  Interpolation 

The  state  vector  interpolation  subfunction  shall  provide  the 
approximate  position,  velocity  and  acceleration  of  either  the 
orbiter  or  the  target  at  a specified  time  within  a given  prop- 
agation interval,  at  both  ends  of  which  these  vectors  are  known. 

The  time  at  which  the  vectors  are  desired  is  the  time  of  an  ex- 
ternal sensor  measurement,  and  the  purpose  of  the  interpolation 
is  to  enable  the  navigation  filter  to  calculate  the  measure- 
ment residuals  at  that  time. 

The  method  utilized  for' the  interpolation  shall  consist  of 
defining  a mean  conic  on  the  basis  of  the  positions  and  vel- 
ocities of  the  vehicle  in  question  at  both  ends  of  the  prop- 
agation interval,  and  obtaining  the  desired  vectors  as  if 
the  vehicle  moved  along  this  mean  conic.  That  is,„a  calcu- 
lation shall  be  made  to  determine  the  point  on  the  mean  conic 
corresponding  to  the  time  of  the  measurement,  and  the  velocity 
and  position  of  such  a point  shall  be  taken  as  the  state  of 
the;  vehicle.- 

If  the  time  of  the  measurement  is  very  close  to  the  final  time 
of  the  propagation  interval  (that  is,  within  a tol erance  that 
depends  on  the  type  of  sensor  utilized)  the  position,  vel oci ty 
and  time  tag  will  be  taken  as  those  of  the  final  time. 
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The  modeled  acceleration  shall  be  obtained  by  invoking  the 
acceleration  function  v/ith  the  position,  velocity,  and  time 
(determined  by  this  process)  in  the  call ing  arguments,  and 
adding  the  central  force  term.  The  sensed  acceleration 
shall  be  found  by  dividing  the  difference  in  accumulated 
sensed  velocities  at  both  ends  of  the  propagation  interval 
by  the  duration  of  the  interval.  The  total  acceleration  will 
be  the  sum  of  these  two. 


In  more  detail,  the  state  vector  interpolation  subfunction 
shall  be  invoked  with  a calling  list  that  contains 


i_0NE 
X_0NE 
BJWO 
\rTW0 
T TWO 


i position  and  velocity  of  the  vehicle  at  the 
previ ous  propagati on  step; 

^ current  position,  velocity  and  time  tag; 


V IMU  DIF  difference  between  IMU  accumulated  sensed  vel- 
ocities at  the  current  time  and  at  the  previous 

■ . time;  • . 


SENS0R_ID  identifier  of  the  sensor  used  for  the  measure- 
ment in  question; 


DT60 

IGD 
IGO 
I DM 


difference  between  the  current  time  and  the 
measurement  time; 

I flags  for  the  call  to  the  acceleration  function 
I ACCELJERT_ONORBIT  (see  section  4. 2. 1.2  for 
f detaiTs  of  these  flags). 


IVM 


lATM  } 
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Then,  the  following  steps  shall  be  taken 

1.  A local  variable,  DELTAT,  shall  take  the  place  of  0T60 
with  a negative  sign  (to  propagate  backwards  from  the 
current  filter  time,  along  the  mean  conic) 

DELTA!  = -DT60 

2.  A check  of  the  absolute  value  of  DELTA!  against' the  tol- 
erance corresponding  to  the  sensor  type  will  be  performed 

IDELTATI  < EPS_TI«E 

2.1  If  it  is  found  that  DELTAT  in  absolute  value  is  less 
• than  the  tolerance,  the  values  of  the  position  and 

vel ocity  of  the  vehicle  at  the  current  time  shal 1 be 
used  as  the  state  at  the  measurement  time;  the  time 
. tag  at  the  measurement  instant  shall  also  be  set 

equal  to  the  current  time: 

^RESID  = ^TWO 

v^REsiD  = vjrwo 

TJIESID  = TJWO 

2.2  If,  on  the  other  hand,  the  difference  between  the 
time  of  the  measurement  and  the  current  time  exceeds 
the  .tolerance,  perform  the  following: 

2.2. 1 Certain  parameters  associated  with  the  mean 
conic  shall  be  obtained 

R-TWO-INV  = l./!iJW0i 
SMA  = l./Cl./ilLONEi  + -(V_0NE- 

V_0NE  + IJWO  • V_TW0 ) / ( 2 ,EART1  IJIU ) ] 


vv  v ;:  i .[  ■ : .1 


Cl  = SQRT  (SKA)/SQR_EMU 
DJWO  = RJWO-UWO  Cl/SMA 
and  the  time  tag  of  the  state  vector  at  meas- 
urement shall  be  set; 

' ijEsiu  = Tjm  + 

2.2.2  The  F and  G series  subfunction  shall  then  be 
called  (see  section  4.2.7  for  the  description 
of  this  subfunction) 

CAU.:  F_ANCLG 

IN  LIST:  SMA;  DELT/VTy  Cl,  RJWO,  0. , 

0.,  0. , RJWOTNVjC 

OUT  LIST:  F,  G,  FOOT,  GDOT,^^^^  S2, 

• S3,  jy^ESID,  f^IfONV,  THETA 
vector  (R_RESID)  comes  out  of  this 
call;  the  velocity  vector  (V  RESID)  does  not,  . 
but  it  can  be  calculated  on  the  basis  of  FOOT 
and  GDOT,  V'/hich  are  also  obtained  from  the  F 
and  G series  call : 
rjESID  -•  FOOT 

3.  Finally,  the  acceleration  vector  shall  be  obtained. 

^RESID  = -EARTHJ1LI  ji_RESID/ l^RESID',  ^ +A.CCEL_PERT 

ONORBIT  (IGD,  I GO,  I DM,  IVKi,  I ATM,  _R_RES1D, 
X„RESID,  T_RESID)  + ^IHU_DIF/T_DIF 
A suggested  implementation  of  this  subfunction-  may  be  found 
in  Appendix  B,  with  the  name  ONORBIT_SV_INTERP. 
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4.2.4  State  and  Covariance  Measurement  Incorporation 
(Kalman  Filter) 

This  subfunction  shall  use  a Kalman  filter  to  incorporate 
the  measurement  data  to  update  the  covariance  matrix  and  the 
State  vector.  To  perform  these  tasks,  the  Kalman  filter 
uses  the  covariance  matrix,  measurement  parti als,  mBasure- 
ment  residual,  and  the  priori  measurement  variance. 

If  the  measurement  data  have  been  judged  valid  and  the  pro- 
per measurement  subfunction  has  been  executed,  the  following 
update  equations  are  to  be  computed.  (Note:  The  measure- 

ment subfunction  generates  the  partial  vector,  the  residual, 
and  the  a priori  variance.) 

First,  the  scalar  quantity  BT_E_B  is  to  be  calculated  from 
the  covariance  matrix  E and  vector  measurement  partials  B 
E^ 

BT_0  = i ^ ^ ^ - ^ ^ 

where  the  second  equation  requires  a dot  product.  The 
partials  vector  shall  then  be  set  equal  to  zero  so  that 
subsequent  measurement  subroutines  will  only  be  required  to 
calculate  non-zero  elements.  The  quantity  MS_J)ELQ,  which 
represents  the  expected  variance  in  the  measurement,  i 
then  to  be  computed  by 


A residual  edit  shall  then  be  performed.  The  EDIT_FLAG  is 
to  be  set  to  "ON"  to  inform  the  crevr  if  the  edit  fails  - 
that  is,  if  the  square  of  the  residual  is  greater  than  the 
quantity  RESID_TEST,  where  RESID_TEST  = K_RES_EDIT  MS_DELQ 
and  K_RES_EDIT  is  a premi si on  constant;  otherwise  the  flag 
is  set  to  "processed".  However,  the  residual  edit  is  over- 
ridden or  inhibited,  when  the  manual  edit  override  for  the 
particular  sensor  being  processed  is  active.  This  results 
in  measurement  incorporation,  and  the  edit  flag  is  set  to 
"FORCED".  • . 

If  there  is  no  edit  or  if  a "force"  exists,  the  subfunction 
shall  then  compute  the  Kalman  filter  gain, 

WEGA  = EB_COPY/MS_pELQ 
and  update  the  covariance  matrix, 

E = E - WE6A  EBJCOPY  . , 

where  the  implied  multiplication  of  the  tv.o  vectors  denotes 
the  dyadic  or  "outer"  product..  This  subfunction- shall  update 
the  state  vector  by  appl ication  of  the  foil owi ng  equations: 
^FILT  = lyiLT  -I-  OMEGA  ^ ^ DELQ 

V__FILT  = V_FILT  + OMEGA  4 fo  6 

VENT_THRUST_BIAS  = VENT_THRUST_BIAS  + OMEGA  j g DELQ 
^TV  = RJV  + OMEGA  ^ q ^ 2 DELQ 

vjrv  = yjrv  + Q!'1lda  -,5  delq 

4.P.4-2 


X 


SENS0R_BIAS  = SENSORJJIAS  + W4EGA  yg  DELQ, 

where  DELQ  corresponds  to  the  appropriate  measurement  re- 
sidual. The  edit  flag  corresponding  to  the  appropriate 
measurement  subfunction  is  then  to  be  set  to  indicate 
that  the  measurement  data  have  been  processed  rather  than 
edited. 

This  subfunction  shall  also  be  used  to  compute  the  residual 
test  quantity  for  manually  selected  sensor  types  whenever 
the  filter  is  not  incorporating  data.  This  quantity,  to- 
gether with  residuals  calculated  by  the  measurem.ent  sub- 
functions,  is  required  for  display  purposes.  A flag  cor- 
j responding  to  the  appropriate  measurement  type  shall  be 

i set  by  the  navigation  sensor  selection  task  to  prevent 

Kalman  filter  gain  computations  and  state  and  covariance 
; ■ matrix  updates  under  this  condition.  The  fil ter  edit  flag 

; ■ shall  be  set  to  "ST AT",  in  this  case,  to  indicate  to  Meas- 

urement Processing  Statistics. (sec.  4. 3. 2. 8)  that  the  data 
li  ■ have  been  computed  for  display  purposes  only. 

It  is  required  that  the  residual , the  residual  test  quantity 
(RESID_TEST) , and  the  residual  edit  flag  corresponding  to 
l|  each  measurement  subfunction  be  saved  for  display  purposes. 
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4.2.5  Ground  Updates  (auto  inflight) 

The  auto  inflight  update  task  shall  perform  the  following 
functions  for  orbiter  and/or  target  vehicles: 

1.  Initialize  onboard  position  and  velocity  state  vectors 

to  uplinked  M1950  whole  vectors,  predicted  to  current  . 
time;  ‘ • 

2.  Initialize  the  onboard  filter  covariance  matrix  using 
prestored  (or  uplinked)  position  and  velocity  standard 
deviations  and  correlation  coefficients  (in  UVW  coor- 
dinate system),  and  using  prestored  covariance  values 
for  unmodeled  acceleration  bias  error  (in  body  coordinate 
system). 

This  task  shall  be  available  during  both  onorbit  and 
rendezvous  navigation  phases,  and  shall  be  performed  as 
follows:  ’ . . . 

1.  A flag,  D0_AUT0JJPDATE,  shall  be  tested  once  per  nav- 
igation cycl e to  determine  whether  an  update  shall  be 
performed.  If  such  an  update  is  to  occur  (D0_AUT0;_ 
UPDATE  = OMj  as  Set  by  the  ground  uplink  processor) 

update  process  shall  be  performed  as  speci-  , 
fied  by  the  remaining  steps,  below.  If  an  update  is 
not  to  occur  (D0_AUT0_UPDATE  = OFF),  then  a second  flag 
(DIDJ\LITO_UPDATE)  shall  be  maintained  in  an  OFF  status. 


I , I, , i j ^ 


2.  If  the  D0_AUT0JJPDAT1I  flag  is  ON,  then  an  orbiter  vehicle 
uplink  flag  (OVJJPLIMK)  is  tested  to  see  if  the  uplinked 
data  pertains  to  the  orbiter  vehicle 

0V_UPLINK  = ON,  orbiter  data  uplinked 
OVJJPLINK  - OFF,  no  orbiter  data  uplinked 
If  orbiter  data  has  been  uplinked,  then  the  follov/ing 
shall  be  performed  to  reinitialize  the  onboard  orbiter 
State  vector  and  associated  covariance  matrix 

a.  set  the  upper  left  9x9  portion  of  the  covariance 
matrix  to  zero 

^1  to  9-,  1 to  9 '" 

b.  if  in  a rendezvous  navigation  phase  (i.e.,  if 
RF.ND_NAV_FLAG  = ON)  then  all  correlation  terms 
between  orbiterposition/velocity/unmodeled- 
acceleration  bias  and  the  remaining  elements  of 
the  19x19.  rendezvous  covariance  matrix  shall  be 

/zeroed  \ /y- 

/;//:::;//:;V/:-:y'^i'^^^^ 

''/^lO' ton9;,/V'to/.9/~:^ 

c.  predict  the  up! inked  posi tion  and  velocity  vectors 
(R  GND,/V  GND ) at  ti^^  T 6ND , to  current  time 
(T_CURRENT_FILT)  by  use  of  the  onorbit  precision 
state  prediction  principal  function 

CALk;  ONORBIT^ 
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IN  LIST:  GM_DEG,  6MJDRD,  DRAG_MODE_.NAV , 

. ..  OND.  T_GMD,  Tj:URRENT_PlLT 

OOT  llSTv  JIJILT 

Sec ti on  4.5.2  des cri bes ' tbe  requirements  fo r setti ng 
the  parameters  GM_DEG,  GM_0RD,  DRAG_M0DE_NAV,  VENT_ 
M0DE_NAV  and  PREC_STEP,  for  orbi ter  state  prediction, 

d.  initialize  the  orbiter  position/ velocity  6x6  covarianue 
submatrix  from  prestored’ (6r  uplinked)  standard  devia- 
tions and  correlation  coefficients  in  UVW  coordinates 
by  use  of  the  covariance  Initialization  subfunction 
described  in  section  4.2.9 

CALL:  0N0RBIT_  COVIN  ITjJVW 

IN  LIST:  SIGJPDATEr^C^^ 

R FILT,  V FILT 


OUT  LIST:  E 


1 to  6,  1 to  6 


e.  initial ize  the  3x3  covariance  submatrix  , {diagonal 
eTements)  to  prestored  values  (in  body-axis  coor- 
dinates)»  and  zero  the  corresponding,  state  vector 
■ ■ eTements  ' ' 


i-  6 I + 6 - COV_j\CCELj.O0ON ITj  • 
VENT_THRUST.J5I  AS  j = 0 . 


f.  compute  the  total  orbiter  acceleration  vector  at 
current  time  for  use  in  the  state  propagati on  sub- 
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TOT_ACC  = ACCEL_PERT_ONORBIT  (GM_DEG,  GMJ3RD, 

1,1,0,  .ILFILT.  V_FILT,  T_CURREtiT^FT!TV 

- LnHTnJiU  R_FILr/^^ 

g.  and,  finally,  the  OVJJPLINK  flag  shall  be  set  to 
OFF. 

Next  (whether  or  not  orbiter  data  had  been  upl inked),  the 
target  vehicle  uplink  flag  (TVJJPL INK)  shall  be  tested  in 
determining  v/hether  the  uplinked  data  pertains  to  the  target 
vehicle 

. TVJUPLINK  = ON,  target  data  uplinked 
TVJJPLINK  "OFF,  no  target  data  uplinked 
If  target  data  has  been  uplinked,  then  the  following  shall 
be  performed  to  re-initial ize  the  onboard  target  state 
vector  and  associated  covariance  matrix. 

a.  if  in  a rendezvous  navigation  phase  (i.e.,  if  REND__NAV_FLAG  = 
ON)  zero  the  Tower  right  covariance  submatrix  pertaining  to 
thetarget  vehicle  position  and  velocity  vectors,  and  the 
rendezvous  sensor  systematic  biases...  and  also  zero  all ' 

' correlation  terms  (covariance  elements)  between  orbiter- 

posi tion-velocity-unmodeled-acceleration  and  target-position- 
yelqcity-sensor-systematic-bias  V 

10  to  19  ^ °* 

^1  to  9,  TO  to  T9  " r 

^10  to  T 9,  1 to  . ^ ^ 


5 


] 


b.  also,  predict  the  uplinked  position  and  velocity  vector 
(RJfVjSND,  UV_GND)  at  tinie  t£-  cur r'ent  time 

(TjCURRENTJFlLT)  by  use  of  the  onorbit  precision  state 


prediction  principal  function 
CALL:  • ONORBIT__PREDICT 

IN  LIST:  GM_DEG,  GM_0RD,  DPxAGJODEJAV , 0,  3, 

PREC_STEP,  KJV_GND. 

T_TV_GND,  T__CURREMT_FILT 
OUT  LIST:  ^TV,  V_JV 

• Section  4.5.2  describes  the  requirements  for  setting 
the  parameters  6H_0RD,  GM_pE6,  DRAGJiODE_NAV  and  PREC_ 
STEP  for  target  state  vector  prediction. 

c.  initialize  the  target  posltion/velocity  6x6  covariance 


subniatrix  from  prestored  (or  uplinked)  standard  devia- 
tions and  correlation  coefficients  in  UVW  coordinates, 
by  use  of  the  covariance  initialization  subfunction 
described  in  section  4.2.9 

GALL:  ONORBI'M^OVINnjUVW- 
m LIST:  SIG_TVJJPDATE,  ^VjC0IlJV_ 

UPDATE,  |jV,  ^V 

OUT  LIST:  15,  10  to  15 

finally,  compute  the  total  target  acceleration  vector 
at  current  time  for  use  in  the  stato  propagation  sub- 
function,  T 
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^TV  ^ ACCEL_PERT„OHORBIT.  (GM_DEG,  GMJDRD,  DRAG_ 
MODE_NAy,  0,  3-,  PREC_STEP,  j^TV,  UV.  T_ 
CURRENT_FILT)  - EARTHj-W  RJV/1^TV|^ 

If  not  in  a rendezvous  navigation  phase  (see  a.,  above), 
then  the  uplinked  target  vehicle  data  shall  be  stored  for 
use  in  a rendezvous  phase 

Ljv  = 

IJV  = TJV_GND 

next,  whether  in  a rendezvous  navigation  phase  or  not,  a 
flag  (TARG_VEC_AVAIL)  shall  be  set  to  ON  indicating  the 
existence  of  a target  vector  (for  later  use  by  the  orbit/ 
rendezvous  navigation  sequencer  principal  function  in 
initializing  the  target  state) 

TARG^ECJWAIL  = ON 

and,  finally  the  TVJJPLINK  flag  shall  be  set  to 
indicating  that  the  target  upl ink  re-initialization 
has  been  completed. 

Once  orbiter  and/or  target  state  and  covariance  matrices 
have  been  re-initialized,  the  following  shall  be  performed 
a.  if  in  a rendezvous  navigation  phase  (i.e. , if  REND_ 
NAV_FLA6  = ON),  set  all  sensor  processing  flags  to 
the  OFF  state 

D0_RR_ANGLESJ1AV_LAST  = OFF 
DO  ST  ANGLES  NAV  LAST  --  OFF 


DO_COAS_ANGLES_NAV_LAST  = OFF 

b»  regardless  of  whether  in  a rendezvous  navigation 
phase  or  not,  a different  flag  (DID_AUTO_UPDATE) 
shall  be  set  to  the  ON  state  for  transmittal  back  ■ 
to  the  ground  uplink  processor;  this  setting  in- 
dicates the  update  has  been  performed  (orbiter  and/ 
or  target). 

4.  If  no  update  (either  orbiter  or  target)  is  to  be  per- 
• formed  (i.e.y  the  D0_AUT0_UPDATE  flag  was  tested  and 
found  to  be  in  the  OFF  state)  then  the  flag  {DIU_AU10_ 
UPDATE)  shall  be  maintained  as  OFF. 

The  first  flag  (D0_AUT0JJPDATE)  shall  be  reset  to  OFF  by 
the  ground  uplink  processor  before  the  next  navigation  cycl 


4.2.6  Angle  Measurement  Partial s 

The  angle  measurement  partial s common  subfunction  computes 
the  measurement  partial s for  an  angle  type  measurement  dur- 
ing rendezvous  navigation. 

The  angle  measurement  partial  vector  is  computed  with  the  - 
following  equations. 

RHO^PLANE  = ^RHO  - (jrRHO-lJ)  L3 
- ^TEMP  = UNIT  (RHO_PLANExi_N)/|RHO_PLANE| 
to  6 ' (PHI-PATCH, 

ilO  to  15  = -(PHI_REND_PATCH,  3^  , glVjEHP 
-16  to  17  " 

where  the  unit  vector  I_N  corresponds  to  the  appropriate 
row  of  the  mean  of  50  to  sensor  transformation  matrix  for 
the  measurement  being  processe'd  and  PHI_PATCH  and  PHI_REND_ 
PATCH  are  transi ti on  matri ces  formulated  as  part  of  the  state 
interpolation  process. 


4.2.7  Conic  Solution  (F  and  G Series) 

The  conic  solution. subfunction,  utilized  by  the  state  vector 
interpolation,  position-velocity  subraatrix  of  state  transi- 
tion matrix, and  precision  integration  subfunctions  shall  pro- 
vide the  capability  to  trace.the  progress  of  a point  along 
its  orbit  assuming  pure  Kepi eri an  motion,  by  means  of  the  F 
and  G series  algorithm  in  terms  of  the  eccentric  anomaly. 

The  variables  F and  G,  F and  G shall  be  calculated  as  func- 
tions of  the  difference  in  eccentric  anomaly  between  an 
initial  time  at  which  a position  and  a velocity  yector  are 
known  and  a final  time  at  which  they  are  required. 

If  the  final  position  and  velocity  are  known,  the  difference 
in  eccentric  anomaly  can  be  easily  calculated  and  the  F,  G, 

F and  G expressions  can  be  obtained  with  the  use  of  certain, 
auxiliary  variables  called  here  SO,  SI , S2,  and  S3. 

If  the  final'  position  and  vel ocity  are  not  known  but  only 
the  transfer  time,  it  is  necessary  to  solve  a form  of  Kepler's 
equation  to  obtain  the  difference  in  eccentric  anomaly. 


The  coni c sol uti on  subfuncti on  shal 1 have  the  fol lowing 
calling  arguments: 

SMA  - semi  major  axis  of  the  conic, 

DELTAT  - transfer  time, 

Cl  - an  auxiliary  constant,  equal  to  the  square  root 
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1 . j 


of  SMA  divided  by  the  square  root  of  the  Earth's 
gravitational  constant, 

R IN  - the  initial  position  vector  (Ml 950), 

R FIN  - the  final  position  vector  (M1950)  (if  unknown, 
a zero  vector  shall  be  input), 

R_IN_INV  - the  reciprocal  of  the  magnitude  of  R IN, 
R_RIN_INV  - the  reciprocal  of  the  magnitude  of  R_FIN  (if 
unknown,  a zero  shall  be  input), 

V IN  - the  initial  velocity  vector  (Ml 950) 

D_IN  *•  the  dot  product  of  the  initial  position  and  vel- 
ocity  vectors  , and 

• D__FIN  - the  dot  product  of  the  final  position  and  velocity 
vectors  (if  unknov/n,  a zero  shall  be  input). 

The  conic  solution  subfunction  shall  then  perform  the  follo\ring: 

1 . Check  the  val ue  of  R_FIN_INV  to  see  i f Kepler 's  equation  is 
to  be  solved. 

1.1  If  R_FIN_INV  f 0.,  which  indicates  that  the  final  position 
vector  is  already  known,  the  difference  in  eccentric 
anomaly  shall  be  obtained  from  the  expression 
THETA  = (Cl  (D_FIN-DJN)  + DELTAT/C1)/SMA 
1.2  If  R_FIN_INV  = 0.,  the  final  position  vector  is  to  be 
calculated.  This  requires  solving  a modified  fora  of 
Kepler's  equation,  which  shall  be  accomplished  by  an 
iterative  process  that  consists  of  the  following  steps: 

1 • 2. 1 Two  auxi 1 iary  quanti ti es  shall  be  obtai ned  from  the 
input  data: 

ONEMRIN  = (SMA  - l./R_IN_INV)/SMA 
D_MN_AN  = DELTAT/(C1  SMA) 
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D_MN_AN  is  the  difference  in  mean  anomaly,  which 
shall  be  taken  as  a first  approximation  to  the  difference 
in  ecceutr'fc  anomaly,  THETA.  A correction  to  this  quan- 
tity, THETA_C0R,  shall  be  set  at  a high  value  to  begin 
the  Iteration: 

THETA  = D^iN_AN  ; ^ ^ ^ 

THET/y:oR  = la.  ; ^ 

1.2.2  Then  THETA  and  THETAJ30R  shall  be  recalculated  until 
THETA__COR  becomes  smaller  than  a given  tolerance: 

DO  UNTIL 

THETAJDOR  < EPSJIER,^^^^ 
by  repeatedly  evaluating  the  equations 

50  = COS  (THETA) 

51  = -SIN  (THETA) 

s2:  -=  1;  -soA  ' ; ; 

ERR  D[_N^^\N-THETA-tyN  S2  + ONE^^^^^ 

■ THETAJCOR  = ERR/(1.  + lyN  SI  - ONEMRIN 
THETA  = THETA  + THETAJ:0R 

2.  When  the  difference  in  eccentric  anomaly  is  determined, 
certain  auxiliary  vaHables  shalT  be  calculated 
SO  = : COS : (THETA)  :- 
ST  ==  SIN  (THETA):^;" 

v;;s2T=;  ;T.  A 

S3  = THETA  - Sl 

2.  The  values  of  F and  G shall  then  be  determined:  . 

S2::-R_TNTNV:  ■ ' 

. G = DELTAT  - Cl  S3 


4.  If  the  final  position  vector  and  the  reciprocal  of  its 
magnitude  v/ere  not  known,  they  shall  be  calculated: 

IF  {y^INJNV  - 0., 

R__FIN_INV  = l./lR_FINl 

5*  The  functions  F and  G,  required  for  the  calculation  of  the 
final  velocity  vector,  shall  be  evaluated: 

FOOT  = -EARTHJIU  Cl  SI  R_IN_INV  R_FINJNV 
GDOT  = 1.  - SMA  S2  R_FIN_INV 

Finally,  the  out  list  of  the  conic  solution  subfunction  shall 
contain  the  following  quantities,  (different  users  require 
different  sets  of  these): 

F,G,  DOT,  GDOT,  SO,  SI,  S2,  S3,  i_FIN,  R_FIN_INV,  THETA 

A suggested  implementation,  in  the  form  of  a detailed  flow 
chart,  may  be  found  in  Appendix  B,  under  the  name  F_AN0_G, 
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4.2.8  Position  - Velocity  Submatrix  of  State  Transition 
Matrix 

This  sub  function  computes  a 6x6  submatrix  ( PHI  JC)  of  a 
larger  state  transition  matrix.  PHI  jiC  is  the  partial 
derivative  of  the  new  position—  velocity  state  with  respect 
to  the  old  position  velocity  state. 

A formulation  is  used  which  assumes  that  a mean  conic  section 
may  be  used  to  describe  the  path  taken  between  the  initial 
position  and  velocity  (R  ONE  and  V ONE)  at  initial  total 
acceleration  (G  ONE)  and  the  final  position  and  velocity 
(R  TWO  and  V TUQ)  at  final  total  acceleration  (G  TWO)  over 
a time  step  DELTIM.  The  ergodic  semi -major  axis  SMA,  is  com- 
puted by  using  the  average  of  the  reciprocal  of  the  semi- 
major  axis  derived  from  combi nitati on  of  the  respective 
vis-viva  computations  at  the  initial  and  final  orbital  states, 
and  is  given  by: 

SMA  = l./(l./1^0NE|  + l./j^TWOl  -{|V_0NEi^  + HJW0|^)/ 
2.  EARTH JvlU) . 

where  EARTH_MU  is  the  earths  gravitational  constant.  The 
Stumpff  constant,  Cl,  predicated  on  the  mean  conic  semi -major 
axis,  is  computed  by; 

Cl  = v^/EARTH_MU 

Then  the  Kepler  subfunction,  F__AND_6,  is  call ed  by  supplying 
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SMA, 

DELTAT  = DELTIM,  . 

Ci,  : 

LJN  = rjdne, 

R_FIN  = RJWO 

rjnj;nv  = i./[j^ 

RJ^INjNV  - l./|^WO] , 

IMN  ^ RJME^yjm, 

^WOrV_JWO, 
in  that  order  ^ 

The  Kepler  subfunction  returns  the  output  F,  G,  FDOTj.  GDQT , SO 
SI,  S2,  and  S3.  For  this  case  R TWO  and  R TWO  INV  are  not  up- 
dated since  R TWO  INV  is  supplied  as  a non -zero  quantity.  Hov/ 
ever  THETA,  the  eccentric  anomaly  angle  is  generated  as  an  out 
put  in  any  case. 

After  computing  certain  auxiliary  constants  such  as 
■■  • • FMl  - F-1 ., 

GDMl  = GDOT-1., 

51  = Cl  SI, 

CZ  Cl^, 

CONST  = (Cl  C2  THETA  (2.  SO)  - 3.  C2  SI ) SMA,  and 

52  = C2  S2, 

whi ch  represent  coraion  functionals  and  Stumpff  series  $ umma- 
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tions  for  circular  or  elliptical  orbits;  the  partial  deriva- 
tives may  now  be  calculated.  The  following  equations  for  the 
partial  derivatives  are  written  algebraci ally  for  clarity,  (Figure 
■4. 2. 8-1),  with  representing  R 0NE>  R representing  R TWO,  R^  repre- 

senting  V ONE,  R representing  V TWO,  R^  representing  G ONE, 

• • 

R representing  G TWO,  f representing  F,.  g representing  G, 
f representing  FOOT,  g representing  GDOT  and  L)  representing 
CONST,  as  well  as  having  lov^er  case  letters  representing  the 
scalar  magnitude  of  the  respective  upper  case  letter  vectors. 

Certain  recurring  groups  of  symbols  may  be  collected  to  facili- 
tate ease  of  coding  and  minimization  of  error.  (See  the  fiov; 
chart  HEANJ.ONICJ’ARTIALjf RANSITI0N_MATRIX_^_eX6  in  Appendix 
B).  Each  3X3  submatrix  of  the  6X6  matrix  PHIJiC  results  from  the 
sunmation  of  3X3  matrices  generated  by  the  dyadic  product 
of  groups  of  vectors  of  length  three.  ^ 
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PHI_MC4 


PHI  MC 


FIGURE 
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f S-j  + (f  - l )/r^ 
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+ (f  - 1)  $2  i Rq  ^ + U R 
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4 to  6,  4 to  6 


f S|  + (g  - 1)/r 


•:r 


R R. 


(g  - 1)  s, 

T — — ^ n ; T . % o A 


R R^  ' + f S.  R R„ 
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+ {g  - 1)  $2  R Rq  ’ + g I - U r1^^^ 
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4.2.9  Covariance  Matrix  Initialization 


In  circumstances  .in  which  the  orbiter  or  target  position 
and  velocity  elements  of  the  onboard  filter  covariance 
matrix  are  to  be  initialized  to  UVW  values,  the  following 
steps  shall  be  performed  (in  the  order  indicated): 

1.  data  shall  be  input  to  this  subfunction  as  described 
by  the  inlist  below 

IN  LIST:  SIG,  WR,  R,  V 

where  SIG  is  a 6-element  vector  of  standard  deviations 
in  the  UVW  coordinate  system 
SIG| , U - position  ' 

SIGg,  V - position 
SIGg,  W - position 
SIG^,  U - velocity  (U) 

SIGg,  V - velocity  (V) 

SIGg,  W - velocity  (W) 

and  where  £0R  is  a 7-element  vector  of  correlation  co- 
efficients, also  in  the  UVW  coordinate  system 
GGR|,  correlation  between  U-V^^^ 

COR2,  correlation  between  U-U 
CORj,  correlation  between  U-V 
COR^,  correlation  between  V-U 
CORg.  correlation  between  V-V 
CORg,  correlation  between  W-W 
CORy , correlation  between  U-V 


X 
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and  where  K and  \[  are  the  current  orbiter  or  target 
position  and  velocity  vectors,  respectively,  in  M50 
coordinates. 

2.  the  current  6X6  covariance  matrix  shall  be  zeroed 

E_TEMP  = 0. 

3.  the  diagonal  elements  of  E_TEMP  shall  be  computed 

E_TEMPj  j = SIGj  SIGj,  for  1=1 ,6 

4.  next,  position  and  velocity  submatrix  elements  as  well 
as  the  upper  right  position-velocity  covariance  ele- 

. ments  shall  be  computed 

E__TEHP^  2 " GOR^  5IG-|  SIG^ 

EJTEMP^  ^ = CORg  SIG^  SIG^ 

E_JEMP|  g = COR3  SIG^  SIGg 
E_JEMP2  ^ = COR^  SIG^  SIG^ 

E_TEMP2  g = CORg  SIG2  SIGg 
EJ’EMPg  g = CORg  SIG3  SIGg 
EJEM^^  - COR^  SIG^  SIGg 
E_TEMP2  1 = yEMP|  2^  ^ 

5.  and,  final ly,  a transformation  matrix  from  UVW  to  M50 
coordinate  systems  is  acquired  at  current  time,  and 
used  to  rotate  the  E_TEMP  matrix  into  the  M50  system. 
The  lower  1 eft  position-velocity  covariance  is  also 
defined 
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M = UVW_T0J150  (R,  V) 

3.  lt0  3.'«EJEHP, 

to  6.  4 to  6 = to  6.  4 to  6 

to  3.  4 to  6 ' « E-T»l  to  3,  4 to  6 
EJEMP,  3 = (E_TEMP,  3_  , 

the  6X6  covariance  matrix  E_TEMP  shall  be  output  from 
this  subfunction. 
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4.3  NAVIGATION  PROCESSING  PRINCIPAL  FUNCTIONS 


The  tv^o  navigation  processing  principal  functions  applicable 
during  operational  sequence  2 (and  contained  in  the  orbit 
operations  computer  load)  are: 

1.  On-’Orbit  Navigation,  and 

2.  Rendezvous  Navigation, 

Both  of  these  functions  will  be  initialized  and  cyclically 
executed  under  control  of  the  on-orbit/ rendezvous  navigation 
sequencer  principal  function.  Detailed  requirements  for 
both  of  the  navigation  processing  principal  functions  are 
discussed  in  the  following  subsections. 


4.3.1  Onorbit  Navigation 


The  onorbit  navigation  principal  function  shall  provide  an 
up-to-date  estimate  of  the  orbiter's  position,  velocity, 
and  other  parameters  for  software  users  such  as  guidance 
and  displays.  This  principal  function  shall  be  scheduled 
by  the  onorbit/rendezvous  navigation  sequencer  principal 
function. 

The  onorbit  navigation  principal  function  shall  use  select- 
ed IMU  data  and  a model  of  the  Earth's  gravitational  accel- 
eration to  maintain  a current  estimate  of  the  orbiter's 
state  vector  during  powered  flight.  During  coasting  flight, 
models  of  the  Earth's  gravitational  acceleration,  aerodynamic 
drag  acceleration,  venting  acceleration,  and  uncoupled  RCS 
thrusting  acceleration  shall  be  used  to  maintain  a current 
estimate  of  the  orbiter  state  vector.  A single  state  vector 
shall  consist  of  three  position  components,  three  velocity 
components,  and  three  unmodeled  acceleration  bias  states. 

No  external  sensor  data  shall  be  processed;  however  a 9x9 
dimensional  matrix  initialized  by  the  onorbit/rendezvous 
sequencer  principal  function  shall  be  propagated  along  with 
the  orbiter's  state  vector . 

A ground  update  capability  shall  enable  automatic  reinitial- 
ization of  the  orbiter'  s state  vector  and  CO varm^^^ 


during  coasting  flight,  This  capability  shall  also  provide 
for  storage  of  an  uplinked  target. state  vector  (and  covariance 
matrix  for  eventual  initialization  purposes  by  the  rendezvous 
navigation  principal  function. 

The  onorbit  navigation  principal  function  is  composed  of  four 
primary  subfunctions: 

1 . A control  subfunction,  described  in  Section  4.3.1 .1. 

2.  A state  and  covariance  setup  subfunction,  described  in 
section  4.3.1 .2. 

3. '  A state  propagation  subfunction,  described  in  section 

4. 3. 1.3. 

4.  A covariance  propagation  subfunction,  described  in 
section  4.3.1 .4 

Tables  4.3.1-1  and  4.3.1-2  are  the  Level  B CPDS  tables  which 
show  data  flow  betv/een  the  onorbit  navigation  and  other 
principal  functions. 
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TABLE  4.3 Vl-T 


GNORBIT  NAVIGATION 


PRINCIPAL  FUNCTION  INPUT  LIST 


LEVEL  B 
MNEMON 


LEVEL  C FSSR 
VARIABLE  NAME 


PWRD  FLT  NAV 


EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 


ORB/RND  NAV  SEQ 


INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 


SUBFUNCTION 

NAf4E 


S covariance  iriatrix 
propagation 
$ state  propagation 


ISUBFUNCTION 
liNPUT  TABLE 


4.3.1 .4-1 


4.3.1 .3-1 


I REND  NAV  FLAG 


ORB/RND  NAV  SEQ 


J state  and  covariance  4.3.1 .2-1 
setup 

® state  propagation  4. 3.1. 3-1 

i covariance  matrix  4. 3. 1.4-1 

propagation 


OV  UPLINK 


(ground  uplink' 
processor) 


@ state  and  covariancej 4.3.1 .2-1 
setup 


rV  UPLINK 


(ground  uplink 
processor) 


© state  and  covariance|4.3.1 .2-1 
setup  I 


R_J3ND  V 

V_GND 

T_GND 

]^TV_GND  > 

XTV_6ND 
T_TV_GND  I 

DO  AUTO  UPDATE-f 


(ground  upl ink 
processor) 


e state  and  covariance  4.3.1 .2-1 
setup 


!/-L°£'-b 


TABLE  4. 3. 1-1  ONORBIT  NAVIGATION  PRINCIPAL  FUNCTION  INPUT  LIST  (cont'd) 


LEVELS 

MNEMON 

LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL 

FUNCTION  SOURCE 

: 

INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 

^ ■■ . 

TBD  i 

' . . ■■  ■ ■ ' . 1 

■ ' ' : ; ' i 

tot_agc 

",  " ^ n 

ORB/RMD  NAV  SEQ 

SUBFUNCTION 

NAl^C 

SUBFUNCTION 
INPUT  TABLE 

@ State  liropagation 
@ covariance  matrix 
propagation 

4.3.1 .3- 1 

4.3.1 .4- 1 

' 

V_CURRENT_FILT 

IMU  RM 

S state  propagation 

4.3.1 .3-1 

T_CURRENT_FILT 

IMU  RM 

@ state  and  covariance 
matrix  setup 
9 state  propagation 

4.3.1 .2- 1 

4. 3. 1.3- 1 

R FILT  1 

^FILT  / 

f ' ■ 

ORB/RND  NAV  SEQ 

. 9 state  propagation 
@ covariance  matrix 
propagation 

4.3.1 .3- 1 

4. 3. 1.4- 1 

V LAST  FILT  1 

T_LAST_FILT  ) 

ORB/RND  NAV  SEQ 

' © state  propagation 

4. 3. 1.3-1 

VENT  THRUST  BIASn 
SQR  EMU 
C MN  AN 
S MN  AN 
C MX  AN 
S__MX_AN 

ORB/RND  NAV  SEQ 

9 state  propagation 

4.3.1 .3-1 

E 

ORB/RND  NAV  SEQ 

© covariance  matrix 
propagation 

4. 3. 1.4-1 

ORIGINAL  PAGE  IS  4.3.1-b* 

OF  POOR  QUALITY 


TABLE  4. 3, 1-1  GNORB IT  NAVIGATION 


LEVEL  B 
MNEMON 

LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PR INC  IP Al 
FUNCTION  SOURCE 

. TBD  ' 

SIG  UPDATE 
COIT^OR  UPDATE 
SIG  TV  update 
COV  COR  TV  update 

|(ground  uplink 
) processor) 

1 ■ 

/ 


PRINCIPAL  FUNCTION  INPUT  LIST  (cont'd) 


INTERNAL  SUBFU.NCTION  DESTINATION 
(SUBFUNCTIONS  WITKIN  THIS  PRINCIPAL 
I FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 

I SUBFUNCTION  ISUBFUNCTION  ’ 

NAME  I INPUT  TABLE 

% state  and  covan ance  4. 3. 1.2-1 
setup  I 

i - ^ 

t - • 

t 

t ■ 


TABLE' 4. 3, 1-2 


ONORBIT  NAVIGATION 


LEVEL  B 
MNEMON 

1 LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL  1 

FUNCTION  SOURCE  i 

1 ! 

[ 

USE_IMUJ)ATA 

■ ^ ■ ! 
' 

ORB  USER* PARAM  PROC 

. ■ . V F : 

V.'. 

R RESET  'I 
ITRESET:  I 
T"RESET  ^ 
VIMU  RESET  1 
FILTJJPDATE  / 

ORB  USER  PARAM  PROC 

’ ' 1 

' : : '.i 

■ 

to  ■ 

TBD 

R TV  ] 

V TV  i 

T TV  l\ 

TARGj/EiyWAILj  ; 

ORB/RMD  NAV  SEQ 

CTi 

DID_AUTO_yPDATE 

(ground  uplink 
processor) 

f. 

I'i 


PRINCIPAL  FUNCTION  OUTPUT  LIST 


INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 


SUBFUNCTION 

NAME 


8 state  propagati on 


SUBFUNCTION 
INPUT  TABLE 


4. 3. 1.3-2 


® onorbit  control 


4. 3. 1.1-2 


© state  and  covari-'  4. 3. T. 2-2 
ance  setup 


® state  and  covari-  4.3. 1.2-2 
ance  setup 


4.3.1. 1 On-Orbit  Control 


The  on-orbit  navigation  principal  function  will  provide  the 
capability  to  control  the  propagation  and  ground  update  of 
the  state  vector  and  the  covariance  matrix. 

A,  Detail ed  Requi rements 

On-orbit  control  will  perfom  the  following  tasks  in  the 

order  indicated  (for  definitions  of  variables,  refer  to 

Tables  4.3.1 .1-1  and  4.3.1 .1-2) : 

1.  The  on-orbit  state  propagation  subfunction  Will  pro- 
pagate the  state  vector  as  described  in  Section  4.3. 1.3. 

2.  The  on-orbit  covariance  propagation  subfunction  will 

propagate  the  covariance  matrix  as  described  in  Section 
4.3.1. 4.  / ■ 

3.  The  on-orbit  state  and  covariance  setup  subfunction  will 
perform  automatic  in-flight  updates  as  required,  as 
described  in  Section  4. 3. 1.2. 

4.  The  position  and  velocity,  the  associated  time  tag,  and 

accumulated  IMU  velocity  counts  will  be  stored  for 
use  by  the  user  parameter  state  propagator: 

R _ RESET I.  _ FILT  . ■ 

v__:reset:= 

T RESET  « T LAST;  FILT  : rt 


I 


f 


J:  . 


Finally  the  filter  update  flag  will  be  set  to  ON  to  indicate 
to  users  that  the  current  navigation  cycle  is  complets:: 

FILTJIPDATE  = ON 
B.  Interface  Requirements 

The  i nput  and  output  parameters  are  1 i sted  i n Tables 
4. 3.1. 1-1  and  4. 3.1. 1-2. 

Processing  Requirements 

On-orbit  control  will  be  executed  while  the  on-orbit  navi- 
gation principal  function  is  scheduled. 

D.  Constraints 
None, 

E.  Supplemental  rnformation 

A suggested  implementation  of  on-orbit  control  is  illustrated 
by  NAVJDNOPsBIT  in  Appendix  B 


4. 3. 1-8 


4. 3. 1-9 


TABLE  4.3. 2.1-1 . On-Orbit  Control  Input  Parameters 


DESCRIPTION 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE  UNITS  SAMPLE 
RATE 

Filter  current 
position  vector  in  M50  , 

i,  coordinates 

ir':-  • ^ ■ ■■  ■■■ 

R_FILT: 

On-orbit  state 
prop. 

V 

Dp 

Ft  Filter  rate 

; Filter  current  shuttle 
f velocity  vector  in  M50 
f coordinates 

■ f;  ; ■ 

On-orbit  state 
prop. 

V 

DP 

Filter  rate 

Time  of  the  filter 
r state  vector 

TM.AST/ILT 

On-orbit  state 
prop. 

: F 

DP 

Sec  Filter  rate 

Previously  read  selected 
; accumulated  IMU  velocity 

■ ■ : :i^AST_FILT 

On-orbit  state 
prop. 

V 

DP 

ft/sec  Filter  rate 

TABLE  4.3,1 .1-2.  On-Orb'it  Control  Output  Parameters 


DESCRIPTION 

SYMBOL 

. OUTPUT-SOURCE 

• TYPE 

PRECISION 

RANGE  UNITS  ‘ 

COMPUTATION 

RATE 

Vehicle  position  vector 
after  all  navigation  up- 
date reserved  for  reset 
of  guidance  integrator  f 
position  vector  R_AVG_G 

R _RESET  ’ 

■ , ■ ★ : 

V 

DP 

Ft 

Filter  rate 

l:v. 

: -"ii  ^ 

:-r'i  ■ 

Vehicle  velocity  vector 
after  all  navigation  up-  ' 
dates  reserved  for  reset 
of  guidance  integrator^^^^^^^^^^^^^^^^^^^^^^ 

velocity  vector  V__AVG_6 

V _ RESET 

1 ^ ^ 

V 

DP 

X - 

Ft/-sec 

filter  rate 

CO 

Time  associ ated  with 
reserved  reset  state 

■ T_RESET  . 

•k  , ' , 

F 

DP 

Sec 

Filter  rate 

O 

Copy  of  V_CURRENT_FILT 
reserved  as  vel ocity  count 
at  start  of  extrapolation 
interval  when  guidance 
i ntegrator  i s reset  ; 

V _IMU_RESET 

k 

V 

• DP 

Ft/sec 

Filter  rate 

Switch  indicating  (ON)  FILTJJPDATE 

that  current  measurement  ^ ■ 

processing  Is  complete 


Refer  to  on-orbit  navigation  principal  function  ^out  list 


D OFF  ON 


Filter  rate 


5 


4. 3. 1.2  State  and  Covariance  Setup  - This  subfunction 
is  required  to  set  up  the  proper  state  vector  and 
covariance  matrix,  as  a result  of  an  automatic  inflight 
update  during  operation  of  the  onorbit  navigation 
principal  function.  This  subfunction  shall  be  capable 
of  performing  the  following  basic  tasks: 

1.  predict  uplinked  orbiter  state  vector '(M50 

coordinates)  to  current  time  from  uplinked 
time  tag, 

2.  initialize  (6  x 6)  orbiter  position/velocity 
covariance  matrix  to  pre-mission  stored 

(or  uplinked)  UVW  standard  deviations  and 
correlation  coefficients;  and  initialize 
diagonal  elements  of  the  filter  covariance 
matrix  associated  with  unmodeled  acceleration 
bias  errors,  to  pre-mission  stored  values  (in 
body  coordinates), 

3.  store  uplinked  target  position/velocity  vector, 
time  tag,  and  selected  UVW  standard  deviations 
and  correlation  coefficients  for  future  usage 
in  rendezvous  navigation  initialization. 

A.  Detailed  Requirements.  Section  4.2.5  contains  a 
description  of  the  detailed  requirements  for  this  sub- 
function  (the  REND_NAV_^FLAG  will  be  in  the  OFF  setting, 
thus  indicating  those  requirements  necessary  during 
operation  of  the  onorbit  navigation  principal  function). 
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B.  Interface  Requirements.  Input  and  output  parameters 
are  listed  in  the  tables  4. 3.1. 2-1  and  4. 3. 1.2-2,  re- 
spectively. 

Processing  Requirements.  The  state  and  covariance 
setup  subfunction  shall  be  performed  each  navigation  cycle; 
however,  the  automatic  inflight  update  task  shall  only  be 
performed  when  a ground  uplink  has  been  received  (i.e,  the 
D0_AUT0JJPDATE  flag  has  been  set  to  On  by  the  ground 
uplink  processor). 

D.  • Constraints.  The  following  constraints  apply  to  the 
state  and  covariance  .setup  subfunction  during  operation 
of  the  onorbit  navigation  principal  function. 

1.  Automatic  inflight  updates  of  either  orbiter 
and/or  target  which  data  shall  not  be  per- 
formed  during  powered  flight  arcs  (i.e,  only 
during  coasting  flight  regions),  since  the 
onorbit  precision  state  prediction  algo- 
rithm assumes  coasting  flight  conditions. 

2.  The  state  and  covariance  setup  subfunction 
shall  be  capable  of  reacting  to  the  uplink 

of  orbiter  and/or  target  vehicle  data  in  the  same 
navigation  cycle. 

3.  The  ground  uplink  processor  shall  reset  the 
D0J\UT0JJPDATE  fl ag  to  OFF  prior  to  the 
next  navigation  cycle,  to  prevent  multiple 
navigation  re-initializations  vnth  the  same 
uplinked  data. 
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4.  The  capability  shall  be  provided  to  uplink  the 
following  data  in  a single  transmission: 

. .vehicle  position  (3  double  precision  words) 

. vehicle  velocity  (3  double  precision  words) 

. , time  tag  (1  double  precision  word) 

. vehicle  identifier  (1  bit) 

. position/velocity  error 

standard  deviations  (6  double  precision 

words) 

. position/velocity  error  correlation 

coefficients  (7  double  precision  words) 

All  the  data  in  a single  transmission  shall  pertain’ 
to  one  vehicle,  only  (either  orbi ter  or ■target),  as 
indicated  by  the  "vehicle  identifier"  bit,  above. 

5.  The  onboard  software  (ground  uplink  processor) 
■receiving  the  data  in  item  4. , above,  shall 
perform  the  following  functions  upon  receiving 
uplink  data: 

. Test  the  vehicle  identifier  to  determine  if 
the  data  pertains  to  the  orbiter  or  target, 
. Set  up  one  of  the  following  two  variable 
sets  depending  on  the  results  of  the  above 
test. : . 

^ RjN0::^-  : 

V JGND  for  orbiter  vehicle 

T_GMD  data  uplink 

0VJPtlMK=  ON 
, SIG_UPOATE 

g)V_CORjPDftTE  . : 
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OR 


nJ 


iru-. 


R TV  GND 


TTTV_6ND 

'TTV  GND 

TV  JJPLINK=  ON 

SIGjrVJJPDATE 

COV_COR_TV_UPDATE 


for  target  vehicle 
data  uplink 


E.  Supplementary  Information.  A suggested  inplementation 

in  the  form  of  detailed  flow  charts,  can  be  found  in 

Appendix  B and  C under  the  following  names: 

ONO  RB  IT_REND  AUTOJ  N FL I GHTj  PD  ATE 
ONORBIT  REND"STATE_ANDj:OV_SETUP  (CODE) 
0N0RBIT_C0VINIT  UVW 
ACCEL_PERTJN0RBIT 

ONORBITJREDICT  ~ Appendix  C 


V Appendix 

I “ 
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TABLE  4.3.1 .2-1  STATE  AND  COVARIANCE  SETUP  INPUT  LIST 


OESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Flag  indicating  (ON) 
that  an  automatic 
inflight  update  of 
either  orbiter  and/or 
target  state  and 
covariance  matrix  is  to 
be  performed  « 

D0_AUT0_UPDATE 

iv’  '■  . . 

* 

: ’ 

i-  0 

i , 

I ■ ■ 

i'  ■ ■ ■ ■ ■ ■ 

I 

ON/OFF 

WAV  rate 

flag  indicating 
whether  rendezvous 
navigation  active  . 

(ON) , or  onorbit 
navigation  active 
(OFF) 

REND_NAV_FLA6 

i • 

I 

it 

D 

i ■ 

ON/OFF 

1 

j 

1 

As  rqd 

flag  set  by  ground 
uplink  processor 
indicating  (ON) 
that  orbiter  vehi- 
cle state  vector 
has  been  uplinked 

0V_UPLINK 

V ' . i 

D 

I 

ON/OFF 

1 

As  rqd. 

flag  set  by  ground 
upl ink  processor 
indicating  (ON) 
that  target  vehi- 
cle state  vector 
has  been  upl inked 

TVJJPLINK 

. ■■  i 

i 

i 

i 

D 

ON/OFF 

As  rqd 

*Qnorb1t  navigation  principal  function  input  list 


‘ 

. . ' ■'  ' , 1 

: ! 

flag  indicating  j 

c o 

degree  of  gravi-  ! 

§ 

tational  poten- 

r  SS 

tial  mode! 

■ ^ . j 

flag  indicating 

t gg 

order  of  gravi- 

tational poten-  ; 

; 

tial  model 

■ 4^. 

f 1 ag  vjhi ch  acti vates 

<-o 

(1 ) or  deactivates  (0) 

the  drag  acceleration 

model 

flag  which  acti vates 
: (1 ) or  deactivates  (0) 

the  venting  and  RCS- 
uncoupl ed-thrusti ng 
model 

integrati on  step-size 
for  precision  state 
prediction 

INPUT  LIST 


PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

S 

1-8 

- 

As  rqd 

S 

0-8 

As  rqd 

S 

0,1 

As  rqd 

i 

■ S ■ 

0,1 

: 

As  rqd 

. i 

s 

- 

sec 

As  rqd 

/L”L'S 


TABLE  4. 3 vl. 2-1  (Continued)  ST/Vr  AND  COVARIANCE  SETUP  INPUT  LIST 


DESCRIPTION  : 

! 

SYMBOL  ^ 

! 

[— — ^ 

i INPUT  SOURCE  i 

1 :i 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

i 

",  ,1 

uplinked  orbiter 
position  vector 
(1^50) 

^GND 

■k 

1 

V ’ 

j 

DP 

j 

; 

1 

i 

ft 

As  rqd 

uplinked  orbiter 
velocity  vector 
(H50) 

V_GND  1 

j 

\ I 

• j 

1 

V 

i 

DP 

1 

ft/sec 

' 1 

As  rqd 

uplinked  orbiter 
state  vector  time 
tagf  ;y  ■ 

T GND  1 

; 

* 

F 

DP 

j 

sec 

As  rqd 

time  tag  of  current 
filter  state  vector 

T CURRENT 
FI  LI 

state  propagation 

F 

DP 

- 

sec 

As  rqd 

vector  (6  x 1 ) of 
standard  deviations 
(UVW)  for  orbiter 
position/vel ocity 
covariance  initializa- 
ti on  (ground  update ) 

SIGJJPDATE 

^ I 
! 

1 

\ 

i 

i 

^ 1 

*  *  ** 
5 

V 

DP 

1 

1’  ' 

i 

j 

vary 

i 

As  rqd 

* onorfait  navigation  principal  function  input  list 

pre-mission  load 


[ABLE  4.3.1 .2-1  (Continued)  STATE  AND  COVARIANCE  SETUP  INPUT  LIST 


k- 

k . 


■ ; . 1 

DESCRIPTION 

I 

SYMBOL  i 

INPUT  SOURCE 

TYPE 

PRECISION 

1 

RANGE 

UNITS 

SAMPLE 

RATE 

vector  (7  x 1 ) of  i 

correlation  cpefficients  j 

associated  wich  UVW 
standard  deviations 
SIS  UPDATE 

used  for  orbiter  position/  1 
velocity  covariance  initia- 1 
Tization  (ground  update) 

WV_C0R  JPDATE  i 

^ ^ ■ k i 

★ ic'k 
. 9 

V 

i 

DP  1 

1 

' i 
1 

; ■ • 1 

• 

- _ - ^ ^ 1 

- ^ ^ . 1 
-1 

i ' i 

1 

As  rqd 

flag  indicating  (ON) 
that  an  automatic  ‘ 

inflight  update  of 
either  orbiter  and/or 
target  state  and 
covariance  matrix  is  to 
be  performed . 

D0_AUT0  JPDATE 

^ ^ ^ j 

ic 

D 

■ j 

: ^ ^ ^ ' 1 
: 

i 

ON/DFF 

NAV  rate 

flag  indicating 
whether  rendezvous 
navigation  active  (ON) 

9 

or  onorbit  navigation 
active;  (OFF) 

REND_NAV_-FLAG 

^ -i  ' ^ ^ ^ \ 

1 

-k 

D 

ON/OFF 

As  rqd 

flag  set  by  ground 
uplink  processor  in- 
dicating (ON)  that 
orbiter  vehicle  state 
vector  has  been  uplinked 

1 OIL'UPLINK 

r , ^ :i  ' ' ' ^ 

k 

D 

ON/OFF 

i 

As  rqd 

O O 

•»!  w 

►d  P 

8S 

I? 


OL> 


1 

GO 


**  pre-mission  load 


I able  4.  3.1 .2-1  (Continued ) STATE  AND  COVARIANCE  SETUP  INPUT  LIST 


; DESCRIPTION 

SYMBOL 

flag  set  by  ground 
uplink  processor  in- 
dicating (ON)  that 
arbiter  vehicle  state 
vector  has  been  uplinked 

TVJjPLlNK' 

1 ■ 

. ■ 
tr'- 

f^^^  indicating 
degree  of  gravi ta- 
tional  potential 
made! 

GMjDEG  ■ 

it;/:  ^ 

i\:  : ' 

: ■ - V 

flag  indicating  order 
• of  gravitational  poten- 
tial  model 

GM  J)RD 

I'":::  ^ 

l"  ■ 

flag  which  activates  (T) 
or  deactivates  (O)  the 
drag  acceleration  model 

DRAG  MODE 
NAV 

flag  which  activates  (1)  j 
or  deactivates  (0)  the 
venting  and  RCS-uncoupled-j 
thrusti ng  model  j 

■ ■ V ■ ■■  ::  ■ ' ■■  ''  ■ ■■■■  ' , ■ ' ' " 

VENT-MODE 

NAV 

integration  step-size  ! 

for  precision  state 
prediction 

PREC^TEP 

INPUT  SOURCE 


TYPE  PRECISION  RANGE  UNITS  SAMPLE 

RATE 


ON/OFF  - 


I S 


ON /OFF  - 


* onorbit  navigation  principal  function  input  list 
**  pre-mission  load 


TABLE  4. 3yr. 2-1  (continued)  STAT^^  SETUP  INPUT  LIST  ^ 


! DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

i ■ 

' 

PRECISION 

■ ■ - 1 

RANGE 

UNITS 

SAMPLE 

RATE 

uplinked  orbiter 
position  vector 
(M50) : 

^GND 

"k 

V 

DP 

ft 

As  -rqd  ■ 

ipl inked  orbiter 
velocity  vector 
(H50): 

V_GND 

^ . ..  . 1 

. k 

V 

DP 

i 

ft/sec 

As  rqd 

uplinked  orbiter 
state  vector  time 

T_GND 

■ * ** 

F 

DP 

1 

sec 

As  rqd 

4,3. 

i 

! 

o 

time  tag  of  current 
filter  state  vector 

T CURRENT- 
FILT 

I 

state  propagation  j 

F 

DP 

sec^ 

As  rqd 

vector  (6x1 ) of  stan- 
dard deviations  (UVVJ) 
for  orbiter  position/ 
velocity  covariance 
initial iaation  (ground 
update) 

■ V ' 

SIGJJPDATE 

1 

1 

. I 

'■  ■! 

. i 

•k  kk 

, .5  ■ ■ 

V 

DP 

vary 

As  rqd 

* onorbit  navigation  principal ‘function  input  list 

**  pre-mission  load 


table  4.3.I.2-T  (Continued)^^  S^  COVARIANCE  SETUP  INPUT  LIST 


DESCRIPTiON  I 

SYMBOL 

INPUT  SOURCE  ! 

' ' ' 

TYPE 

PRECISION 

RANGE 

UNITS  i 

SAMPLE 

R4.TE 

vector  (7  x 1)  of 
correlation  coefficients 
associated  vn’th  UVVi 
standard  deviations 

used  for  orb iter  position/ 
velocity  covariance  ini- 
; tialization  (ground 
update) 

■! 

cov  COR  : 

UFJATr 

1 

j 

'■  ■ V ' . . i 

■ ■ ■ ■ ■ i 

■ I 

: 

•k  kk  \ 

■ ■ ' .1 

V 

DP 

. 1 

-i.I 

" ■ i 

, 

i 

1 

As  rqd 

Co 

earth  gravitational 
constant 

EARTHJ1U 

kk 

F 

OP, 

- 

3 

sec 

As  rqd 

1 

vector  (3  x 1)  of  un- 
modeled acceleration 
bias  error  variances 
(body  coordinate  system) 

C0VJ\CCEL_ 

B0-DY_INIT 

kk 

V 

! DP 

i 

i 

2 

_[k4 

sec 

As  rqd 

uplinked  target  vehicle 
position  vector  (M50) 

R_TV_3ND 

k 

V 

DP 

1 

1 

1 '■ 
j 

ft 

As  rqd 

uplinked  target  vehicle 
velocity  vector  (Ki50) 

V_TV_£ND 

: * 

V 

DP 

j 

i / 

1 

ft/sec 

As  rqd 

* onorbit  navigation  principal  function  input  list 
**  pre-mission  load 
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TABLE  4 . 3> 1 .2-1  { Gonti nued  ) STATE  AND  COVARIANCE  SETUP  INPUT  LI ST 


f- 


DESCRIPTIGN 


SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

TJV_QiD 

•k 

F 

D.P 

- 

sec 

As  rqd 

SI  GJV  .UPDATE 

* 

5 

• V 

OP 

- 

vary 

As  rqd 

GOV  -COR  IH 
- UPDATE 

ic  'kk 

9 

V 

DP  . 

-i>i 

■ - 

- 

As  rqd 

(acceleration 
model  and  pre- 

kk 

- 

i'  ' ■ 

i 

i . 

j As  rqd 

i 

dictor  constants) 

1 

uplinked  time  tag  of 
target  vehi cl e state 
vector 


vector  (6  x 1 ) of 
standard  deviations 
{UVW)  for  target  vehicle 
position/velocity 
covariance  initializa- 
tion (ground  update) 


vector  (7  X 1)  of  cor- 
relation coefficients 
associated  v/ith  UVVJ 
standard  devi ati ons 
SiG_JV_UPDATE 
used  for  target  vehicT 
posi tion/vel ocity 
Govari ance  i ni ti ati za- 
tion  (ground  update) 


(see  section  4.8,  I- 
Load  Requirements) 


* onorbit  navigation  principal  function  input  list 
**  pre-mission  load 
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TABLE  4 1.2-2  STATE  AND  COVARIANCE  SETUP  OUTPUT  LIST 


OESCRIPTIOH 

SYMBOL 

'output  DESTINATION 

TYPE 

precision 

RANGE 

UNITS 

■COMPUJATION 
1 PATE 

flag  indicating  (ON) 
tfet  an  automatic  in- 
flight update  has  been 
performed  | 

DID  AUTO 
UPDATE 

. ■ 

! ■ 

D 

1 

1 

- 

ON/OFF 

i 

i 

1 

[ 

NAV  rate 

orbiter  position  vector 
(H50)  t ^ 

R_FILT 

state  propagationv 

covariance  propaga-  | 
tion , ’onorbit  con- 
trol 

j 

[ 

V 

dp; 

ft 

As  rod 

orbiter  velocity  vector  , 

1 

state  propagation, 
covariance  propa- 
gation onorbit 
control 

V 

DP  ■ 

. “ . 

ft/ 

sec 

■1 

As  rod 

vector  of  orbiter  total 
acceleration  (M50) 

TpT^CC 

. state  propagation , • 
covarl ance  prop  aga- 
tion 

V 

DP 

- 

ft/  2 
sec 

! 

As  rqd 

vector  (3  X 1)  of  un- 
modeled  accel erat i on  bias 
errors  (body  coord . system ) 

VENTJ’HRUSTJ 
BIAS  i 

f 1 , ■ ■ 1 

state  propagation 

V 

DP  . • 

■ 1 

ft/  2 ’ 
sec 

■ 

As  rqd 

*■  onorbit  navigation  principal  funGtion  output ’list 


TABLE  4. 3, 1.2-2  (Continued)  STATE  AND  eOVARIANGE  SETUP  OUTPUT  LIST 


DESCRIPTION 

SYMBOL 

OUTPUT  DESTINATION 

TYPE  1 

1 

PRECISrON 

RANGE 

UNITS 

GOMPUTATIO'N 

R/vTE 

filter  covariance 
matrix  of  orhlter 
pos iti on , vel oci ty,  and 
Lmmodeled  acceleration 
bias  errors  (9  x 9 di- 
mensional ) 

E . 

covariance  propa- 
gation 

1 

1 

. ■ 1 

M 

1 

] 

■ ' ■ ' 1 

1 

i 

DP 

1 

1 

i 

vary 

j. 

As'rqd 

target  vehi cl e posi'ti on 
vector  (M50) 

EJV 

■ V 1 

1 

DP 

- 

i 

ft 

As  rqd 

target  vehicle  velocity  . 
vector  (M50) 

V jv  • 

•A* 

V 

DP 

- ■ 

ft/ 

sec 

i 

As  rqd 

time  tag  of  target 
vehi cle  state  vector 

T JV 

•k  . . 

F 

- i 
1 

DP 

sec 

As  rqd 

flag  indicating  (ON)  the 
availability  of  a target 
vehicle  state  vector  and 
ti me  tag  for  re -i n i ti  al  i - 
zation  purposes. 

TARG  VEG- 
AVAIL 

-k 

■ ■ ] 

i'  ■ ' ' ' 

1 ' ' ■ 

i 

0N/GFF| 

As  rqd 

* onorbit  navigation  principal  function  output-list 
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4.3.1. 3 State  Propagation 

Jhis  subfunction  will  perform  a niimber  of  te^sKs  r^l^ted  to 
the  propagation  of  the  orbiter  state  vector. 

The  task  of  -reading  (snapping)  the  IMU  shal]  be  performed 
to  obtain  the  current  time  and  the  accumulated  sensed  velocity. 
Details  of  the  IMU  snap  task  are  to  be  found  in  Section  4. 2. 1,1. 

Available  acceleration  models  include  gravitational  accelerations 
(always  used)  and  non-gravitational  accelerations  (drag,  venting 
and  uncoupled  RCS  thrusting).  The  latter  shall  be  used  in  those 
circumstances  in  which  sensed  accelerations  obtained  from  the  IMU 
accumulated  sensed  velocities  are  judged  to  be  insignificant. 

These  acceleration  models  are  described  in  detail  in  Section 
4. 2. 1.2. 

The  equations  of  motion  will  be  integrated  with  either  a super-g 
algorithm  (see  section  4.2.1 .3.1 ) intended  primarily  for  powered 
flight  phases  (i.e.,  those  phases  in  which  significant  non- 
gravitational  accelerations  are  sensed)  or  a precision  propagation 
algorithm  designed  specifically  for  coasting  flight  phases  and 
described  in  detail  in  section  4. 2.1. 3, 2. 

The  task  of  propagation  of  biases  shall  be  performed  by  miilti- 
plying  the  previous  value  of  each  bias  by  unity.  The  three 
biases  propagated  in  this  way  represent  unmodeled  accelerations 
in  body  coordinates. 
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A*  Detailed  Requirements 

The  computations  that  shall  be  carried  out  for  advancement 

of  the  position  and  velocity  vectors  are  the  follov.ing: 

1.  The  IMU  shall  be  snapped  (see  section  4. 2. 1.1  for  de- 
tails of  this  task). 

2.  Values  of  the  position. and  velocity  vectors  calculated 
in  the  previous  navigation  cycle,  together  with  the 
total  acceleration,  shall  be  saved  for  use  in  the  cur- 
rent cycle: 

. TOT_ACC_LAST  = T0T_ACC 
^LAST  ^ ^FILT 
\M-AST  = VJIIT 

3.  The  time  interval  for  advancement  shall  be  calculated 
by  subtracting  the  time  tag  of  the  previous  cycle  from 
the  time  obtained  from  the  IMU  snap: 

. - DT_fILT  = T_CURRENT_FILT-T_LASTJILT 

4.  The  flag  that  indicates  the  choice  of  integrator  shall 
then  be  checked.  This  flag,  PWRD_FLT_NAV , is  set  by 
the  onorbit/rendezvous  sequencer  principal  function. 

It  is  set  to  OFF  when  in  a coasting  flight  phase  and 
set  to  ON  Just  before  a burn. 

4.1  If  the  flag  is  found  to  be  ON,  the  Super-g  integrator 
shall  be  invoked.  This  requires  the  setting  of  certain 
flags.  It  also  requires  comparing  the  acceleration 
calculated  from  the  IMU  sensed  velocities  with  a pre- 
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stored  threshold  value  below  which  this  acceleration 
shall  be  ignored. 

So,  the  following  steps  are  needed: 

4.1.1  Find  the  difference  in  the  accumulated  sensed  vel- 
ocity 

DV_FILT  = V_CURRENT_FILT-yj.AST_FILT 

4.1.2  Calculate  on  acceleration  magnitude  from 
Dy_FILT  and  DT_FILT  and  compare  it  with  the 
threshold  value: 

I DV_FltTl  ^ da  THRESHOLD 
--  DT_FlLr 

Then,  if  the  calculated  aGceleration  is  larger 

than  the  threshold  value,  set  the  following  flags: 

USE_IMU_DATA  = ON 

I6D  = GM_DE6J.0W 

IGO  = GM_0RD_L0W 

IDRAG  ^0 

IVENT  =0 

and  set 

W = ^JILT 

0^  the  other  hand,  if  the  calculated  absolute 
value  of  the  acceleration  is  below  the  threshold 
level , set 
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USEJMU_DATA  = OFF 
_ IGD  = 6MJ)E6 
160  = GMJ3RD 
IDRAG  = 1 
IVENT  =1 
and 

W = 0. 

4.T.3  Find  a value  of  the  sensed  acceleration  based 

on  DV  (it  could,  therefore,  be  0.,  thus  ignoring 
the  IMU  readings) 

^SENS=W/DT_FILT 

4.1.4  Call  the  Super-^g  integrator  with- the  flag  values 
just  set: 

CALL:  0N0RBIT_SUPER_G 
IN  LIST:  IGD,  IGO,  IDRAG,  IVENT,  0,  ^FILT, 

V_FILT,  T_CURRENT_FILT,  DTJILT,  DV 
OUT  LIST:  RJ^ILT,  L^ 

In  the  situation  where  the  PWRD_FLT_NAV  is  found  to 
be  OFF,  the  precision  propagation  integration 
scheme  shall  be  called.  The  sequence,  in  this  case, 
is  as  follows: 

4.2.1  Check  the  RENDJiAVTLAG,  and  choose  the  step- 
size  for  the  precision  propagator  acccrding 
to  the  values  of  this  flag.  The  step-size 
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does  affect  the  accuracy  of  the  integration,  and 
it  is  natural  that  the  accuracy  requirements  during 
the  rendezvous  phases  be  different  from  those  in 
other  phases  of  the  orbital  operations.  The 
REND_NAV_FLAG,  during  the  periods  in  which  the 
Onorbit  Navigation  principal  function  is  in  op- 
eration, shall  always  be  found  to  be  OFF.  This 
will  result  in  setting 
DT  = PREC.^STEP. 

4.2.2  The  vector  ^SENS  is  required  for  the  computation 
of  T0T_ACC  in  a later  step.  The  precision  pro- 
pagator being  a coasting  flight  integrator,  .the 
sensed  accelerations  are  not  needed  by  it.  There- 

■ fore,  set 

OENS=0, 

4.2.3  Invoke  the  precision  propagator  with  calling  ar- 

gunients  that  will  cause  the  modeling  of  drag,  ' 

venting  and  uncoupled  thrusting  accelerations, 

with  the  use  of  current  attitude  information. 
CALL:.  0N0RBIT_PRECISE_PR0P 

IN  LIST:  GM_DE6,  GMJDRD,  1,1,  0,  DT,  R_FILT, 

V_FILT,  T_LAST_FILT,  T_CURRENT_FILT 

OUTLIST:  R FILT,  V FILT,  G NEW 
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At  the  end  of  either  step  4,1.4  or  step  4.2,3» 
the  values  of  r_FILT  and  V_FILT  output  by  the  cor- 
responding integrator  are  the  required  propagated 
position  and  velocity  vectors  of  the  opbiter.  The 
vector  G_NEW  is  a modeled  acceleration  vector  ob- 
tained according  to  the  specified  flag  settings  and 
and  corresponding  to  ^FILT,  V_FILT  and  T_CURRENT_FILT. 

5.  The  RENDJAVJLAG  shall  then  be  tested.  This  flag 
indicates  whether  or  not  it  is  necessary  to  also  pro- 
pagate the  state  of  the  target  vehicle.  While  the 
onorbit  navigation  principal  function  is  operative, 
this  flag  will  always  have  the  value  OFF,  and  pro-  . 
pagation  of  the  target  state  vector  will  not  be  re- 
quired, 

6.  Save  the  IMU  readings  for  the  next  cycle  and  find  the 
total  acceleration  vector  for  the  orbiter  (required 
for  transition  matrix  calculations). 

T_LAST_FILT  = TJURRENT^FILT 

VJ.ASTJILT  = )m:urrentjilt 

B.  Interface  Requirements 

Input  and  output  parameters  are  to  be  found  in  tables 

4.3. 1.3-1  and  4.3.1 .3-2  respectively. 
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C.  Processing  Requirements 
None. 

D.  Constraints 

The  acceleratio-'  models  task  is  needed  not  only  by  the 
navigation  state  pr-vnagation  subfunction  but  also  by 
the  onorbit  precision  state  prediction  principal  function 
and  by  the  user  parameter  statcf  propagation  subfunction. 

Each  of  these  users  of  the  acceleration  models  shall  set 
its  own  flags  and  therefore  require  a differ ent  calculation.  • 

To  protect  against  interference  in  the  acceleratio..  com- 
putations, it  is  important  that  these  computations  not  be 
interrupted . . t 

E.  Suppl ementary  Information 

A suggested  implementation  of  this  subfunctiop,  in  the 
form  of  a detailed  flow  diagram,  may  be  found  in  Appendix 

B ' ' ' . . ■■ 

ONOHBITJUPERJ 

ONORBITJAV  CIMU  Snap  Portion)  . : 

ONORBIT JENDJIAS_ANDj:OV_PROP  (CODE)  . i 
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Table  4.3, 1.3-1.  On-Orbit  Ttate’ Propagation  Input  Parameters 


DESCRIPTION 

SYMBOL 

I'lPUT  SOURCE 

TYPE 

PRECISION 

RANGE  UNITS 

SAMPLE 

RATE 

Copy  of  V_IMU_CURRENT  raw  vel- 
ccity  counts  reserved  for 
measurement  processing 

■V 

DP 

ft/sec 

Filter  .rate 

1 ■ ^ 

MTU  or  clock  time  when  IMU 
v^as  read 

t_current_filt 

■ 

f 

PP 

Sec 

Filter  fate 

I 

!■' 

Flag  indicating  choice  of 
integrator. 

PWRD_FLT_NAV 

★ 

D 

ON, OFF 

As  needed 

Filter  current  . 

position  vector  in  M50 
coordinates. 

■r_filt  : ; 

■ onorbit  state 

and  cQV.  setup. 

■V 

Op 

Ft 

Filter  rate 

Total  acceleration 
(sensed  plus  modeled) 

T0T_ACG 

* 

V 

DP 

Ft/sec^ 

Filter  rate 

L ■ 

i':-- 

Flag  indicating  if  the 
current  MAV  phase  is  a 
.rendezvous  phase 

rend_nav_flag 

* 

D 

•ON, OFF  - 

As  needed 

Orbi ter  velocity  vector 

VJILT  ; ’ 

*,  onorbit  state 
and  cov.  setup. 

V 

DP 

Ft/sec 

Filter  rate 

Angle  of  attack 

ALPHA 

a 

F 

DP 

0-2 n Rad 

Filter 

Angle  of  sideship 
Acceleration  model 
related  constants 

.BETA  t 

*** 

it-k 

F 

DP 

• 0-2 n Rad 

rate 

Filter 

rate 

Onorbit  Navigation  Principal  Function  Input  List 
* Premission  loaded 

These  constants  are  listed  and  their  values  given  in  Section  4.8  (I^-load  requirements) 


Table  4.3.1 .3-2.  On-Orbtt  state  Propagation  Output  Parameters 


DESCRIPTION 

SYMBOL 

OUTPUT  DESTINATION 

TYPE 

PRECISION 

RANGE  UNITS 

SAMPLE 

RATE 

Current  position  vector  of 
crbiter  in  M50  coordinates 

L/ilt 

- 5 

' V 

DP 

Ft 

Filter  rate 

Previous  position  vector  of 
arbiter""  ; ; ^ 

■ 

icit  ' 

V 

DP 

Ft 

Filter  rate 

Total  acceleration ' (sensed 
plus  modeled)  of  orbiter 

"lpT_ACC  : 

V 

DP 

• Ft/sec^ 

Filter  rate 

Previous _total  acceleration 
of  orbiter 

TpT_ACC_LAST 

irk 

V 

DP 

Ft/sec^ 

Filter  rate 

Orbiter  velocity  vector 

1 

XJilt  ; ■ 

•k  V 

V 

DP 

• Ft/ sec 

Filter  rate 

Previous  velocity  vector  of 
crbiter  ‘ 

^AST. 

•kk 

V 

DP 

Ft/sec 

Filter  rate 

Difference  between  two 
consecutive  accumulated 
velocities  snapped If rom 
I^^u  : ; T - 

; 

V 

DP 

Ft/sec 

Filter  rate. 

Copy  of  the  current  time 
tag,  saved  for  next  nav. 
cycle 

■ Tj.AST_FILT 

Onorbit  Nav.  . 

F 

DP 

Sec 

Filter  rate 

Time  of  the  orbiter  state 
vector 

TJiURRENTJILT 

kk 

F 

DP 

Sec. 

Filter  rate 

01 f f erence  between  two 
consecutive  times  snapped 
from  mu 

' DTJILT.  ' 

F ■ 

DP 

Sec 

Filter  rate 

Previous  IMli  accumulated 
sensed  velodity 

i_LAST^ILT  \ 

Onorbit  Nay, 

V 

DP  . 

Ft/sec 

Filter  rate 

/ 


Table  4. 3,1. 3-2*  On-Orbit  State  Propagation  Output  Parameters  ' 


DESCRIPTION  SYMBOL  OUTPUT  DESTINATION  YYP£  PRECISION  RANGE  UNITS  SAMPLE 

• RATE 


Flag  indicating  IMU  ^ * D r.  ON-OFF  - As  jieeded 

accelerations  are  above 
threshold  ^ ^ ^ 


CO 


I 

CO 

4=^ 


^ * Onorblt  Nayigation  principal  Function  Output  List.- 

/**  Onorbit  Covariance  Propagation  Subfunction. 

L:-/  :•  ■ . 

m 


4. 3. 1.4  Covariance  Matrix  Propagation 

The  covariance  matrix  propagation  subfanction  propagates 
the  covaY'iance  matrix  forward  in  time.  The  covariance  matrix 
is  propagated  by  utilizing  the  state  transition  matrix.  Addi- 
tive process  noise  is  incorporated  to  account  for  unmodeled 
state  and  dynamic  errors.  • 

A.  Detailed  Requirements.  A 9 by  9 covariance  matrix  shall 
be  propagated  with  the  navigation  principal  function.  This 
covariance  matrix  defines  the  uncertainty  in  the  state  vector, 
which  consists  of  position  and  velocity  of  the  orbiter  and 
unmodeled  accelerations.  The  method  of  propagation  is  descri- 
bed in  Section  4.2.2. 

B.  Interface  Requirements.  The  input  and  output  data  are  shown 
in  Tables  4. 3. 1.4-1  and  4. 3. 1.4-2. 

C.  Processing  Requirements.  This  subfunction  will  be  called 
after  the  IMU  sensor  data  have  been  read  and  after  the  state 
propagation  subfunction  has  been  executed, 

D.  Constraints.  Prestored  data  are  to  be  used  for  initiali- 
zation. The  propagated  covariance  matrix  must  remain  symmetric. 

E.  Supplement  ary  Info  rma  t i o n . A possible  implementation  of 
this  subfunction  is  shown  in  the  flow  charts  0M0RBIT__REND_^ BIAS  AND  COV 
PROP  (CODE),  PWRD_FLTJOV_PROP( CODE),  MEAN_C0NIC_PARTIAL 
TRANSITiONJ1ATRIX_5X6  and  F„AND_6  in  Appendix  B. 
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Table  4. 3.1. 4-1  - Onorbit  Covariance'  Propagation  Input  parameters 


DESCRIPTION 


SYMBOL 


INPUT  SOURCE 


TYPE'  PRECISION  RANGE  UNITS  SAMPLE 

RATE 


Interval  over  v;hich  OT-FILT 

to  propagate  the  covariance 
matrix 


state  propagation 


1 i iter  rate 


Correl  ation  time  constants  TAU_^VENT 
for  body  venting 


premission  constant 


sec  filter  rate 


Variance  of  body 
venting  variable 


WR__VEHT_DT  premission  load 


2 2 

(ft/sec  ) filter  rate 


Structural  body  to 
M30  coordinate 
t ransf ormat i on  matri x 


M3B0DYM50 


filter  rate 


Drag  acceleration 
coef f i ci en t percent 
error 


D_COE_PCT_ERR  i premission  load 


filter  rate 


Drag  acceleration 
vector 


state 


ft/sec  filter  rate 


Flag  indicating  (ON) 
whether  the  rendezvous 
principal  function  is 
scheduled 


RENDj_NAV__FLAG 


■j  ON, OFF 


filter  rate 


* Onorbit  principal  function  inlist 
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Table  4. 3. 1.4-1,.  (continued)  - Onorbit  Covariance  Propagation  Input  Parameters 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION  . 

RANGE 

SAMPLE 

RATE 

Filter  current  shuttle 
position  vector  in  M50 
coordinates 

MILT 

state,  propagation 

M ■ 

■ 

1 

i 

DP 

i 

[■ 

i 

ft 

i ■ 

! 

filter  rate 

1 

j 

Filter  current  shuttle  j 
velocity  vector  in  i 
M50  coordinates 

V_FILT 

1 state  propagation 

\ 

V 

DP 

1 

1 . 
f 

ft/sec 

filter  rate 

Gravity  acceleration 
at  end  of  shuttle 
state  integration 
interval 

1 

TO'LACC  V 

state  propagation 

'v 

DP 

^ " 

ft/sec^ 

filter  rate 

Filter  covariance 
matrix 

' i 
1 

■ : E:  : : : 

measurement 
1 incorporation 

1 I 

M 

DP 

vary 

filter  rate 

: Mi 

Flag  indicati ng  (ON)  j 
the  desire  to  inhibit  I 
the  processing  of 
external  measurement 
data  by  the  navigation 
filter 

i 

MANEUVERJ3N_FLAG 

' ■ . :5 

. 1 

1 

1 

'k  ' 

D 

j 

- 

ON, OFF 

1 

filter  rate 

* Onorbit  principal  function  inlist. 
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Table  4.3. 1.4-1.  (continued)  - Onorbit  Covariance  Propagation  Input  Parameters 


DESCRIPTION 


Gravitational  constant 
of  the  earth 


Square  root 
of  EARTH  MU 


Identity  matrix 
(3  X 3) 


Tolerance  for  succesive 
iterations  in  the  solution 
of  Kepler's  equation 


Position  vector  of 
shuttle  at  the  end 
of.  the  last  filter 
cycle 


Velocity  vector  of 
shuttle  at  the  end 
of  the  1 ast  filter 
cycle 


Gravity  acceleration 
at  start  of  shuttle 
state  integration 
interval 


SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

EARTHJIU 

premission  load 

F 

DP 

SQR_EMU 

premission  lead 

F 

DP 

ID_MATRIX_3x3 

premission  load 

M 

DP 

EPS_KEP 

premission  Toad 

F 

. DP 

^LAST 

state  propagation 

V 

DP 

V^LAST 

state  propagation 

j 

V 

- DP . 

TOT_ACC_LAST 

state  propagation 

1 

1 

V 

DP 

UNITS 


SAMPLE 

RATE 


(ft  /sec) 


ft  /sec 


rad 


ft 


ft/sec 


ft/sec 


'filter  rate 


filter  rate 


filter  rate 


filter  rate 


filter  rate 


filter  rate 


filter  rate 
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Table  4.3.1  .'4-1  .(continiied)  - Onorbit  Covariance  Propagation  Input  Parameters 


i- 


DESCRIPTION 

SYMBOL’ 

INPUT  SOURCE 

TYPE 

PRECISION 

: RANGE 

i 

UNITS 

! SAMPLE 
iPATE 

Difference  between 
accumulated  sensed 
IMU  readings  on 
present  cycle  and 
previous  cycle 

DILFILT 

1 ' 
r ' 

i.'  ■ ' 

r '■  ' *'  ■ 

1 . . 

t:  . . • 

state  propagation 

F 

; DP 

1 

i 

! 

j 

ft/sec 

fitter  rate 

Variance  for  platform 
misalignment  added  as 
process  noise  in  the 
covariance 

VAR_IMUJ\LIGN 

premission  load 

■ V 

DP 

2 

rad 

filter  rate 

Time  tag  of  the  current 
filter  state  vector 

T_LAST_FILT 

state  propagation 

F 

DP 

1 

sec 

filter  rate 

Time  of  the  last 
IMU  alignment 

T_ALIGN 

premission  load 

F 

! 

DP 

sec 

filter  rate 

Variance  of  the 
platform  drift 

m_IMlLDRTFT 

premission  load 

DP 

2 

rad 

filter  rate 

Accelerometer  I 

quantization  error 
variance 

VAR_ACC_QUANT 

premiss ion  load 

F 

’ 

DP 

1 

2 2 
ft  /sec 

) 

filter  rate 

■ ' 

Variance  of  unmodeled  ^ 

acceleration  times 
scale  time 

VAR-UNMOD  ACC 
DT 

premission 

load 

F 

DP 

2 3 

ft  /sec 

filter  rate 

,( 


Table  4.3.2. 1-2,  - Onorbit  Covariance  Propagation  Output  F 


— _ — 1 

DESCRIPTION  ^ 1 

SYMBOL 

INPUT  SOURCE 

Filter  covari ance  matrix 

\ :■ 

E 

measurement 

incorporation 

TYPE  PRECISION  RANGE  UNITS 


SAMPLE 
PJ\TE 


M 


...L. 


4.3,2  Rendezvous  Navigation  ■ 

The  rendezvous  naivigation  principal  function  shall  provide 
an  up-to-date  estimate  of  the  orbiter  and  target  position, 
velocity,  and  other  parameters  for  software  users  such  as 
guidance  and  displays.  This  principal  function  shall  be 
scheduled  by  the  onorbit/rendezvous  navigation  sequencer 
principal  function. 

The  rendezvous  navigation  principal  function  shall  use 
selected  IMU  data  and  a model  of  the  Earth's  gravitational 
acceleration  to  maintain  a current  estimate  of  the  orbiter* s 
state  vector  during  powered  flight.  During  coasting  flight, 
models  of  the  Earth's  gravitational  acceleration,  aerodynamic^ 
drag  acceleration,  venting  acceleration,  and  uncoupled  RCS 
thrusting  acceleration  shall  be  used  to  maintain  a current 
estimate  of  the  orbiter  and  target  state  vectors,  A single- 
string  state  vector  configuration  shall  apply  in  coasting, 
powered  flight,  and  TPF  stationkeeping  navigation  as  follows 
(19  elements):  , 

orbiter  position  (M1950)  - 3 components 
orbiter  velocity  (Ml 950)  - 3 components 

orbiter  unmodel ei  acceleratioh  biases  (body  axes)  - 3 coniponents 
target  position  (Ml 950)  - 3 components 
velocity  (M1S50)  - 3 components 
sensor  systematic  biases  (sensor  axes)  - 4 cnniponents 

■ - 4. 3,2-1 


External  sensor  data  shall  be  processed  during  coasting  and 
TPF  stationkeeping  navigation  phases.  The  foi lowing  measure- 
ments shall  be  available: 

rendezvous  radar  (range,  range- rate,  shaft  angle,  trunion 
angle) 

star  tracker  (horizontal  angle,  vertical  angle) 

COAS  (horizontal  angle,  vertical  angle) 

A 19x19  dimensional  covariance  matrix,  initialized  by  the 
onorbit/ rendezvous  navigation  sequencer  principal  function, 
shall  be  propagated  along  with  the  19  element  state  vector, 
during  all  rendezvous  navigation  phases  (coast,  ' 
flight,  TPF  s tati on keeping).  ; 

A ground  update  capability  shall  enable  automatic  re-initial- 
ization of  the  orbi ter  and/or  target  state  vector  (and  other 
related  non-positi on/ velocity  states ) and  covari ance  matrix 
during  coasting  and  TPF  stationkeeping  navigation  phases. 

The  rendezvous  navi gati on  princi pal  function  composed  of 
eight  primary  subfunctions: 

1.  A control  subfunction  (section  4. 3. 2.1), 

2.  An  external  sensor  data  snap  suhfunction  (section  4. 3. 2. 2) 

3.  A sensor  measurement  selection  subfunction  (section  4.3.2. 

4.  A state  and  covariance  setup  subfunction  (section  4. 3.2.4) , 

5.  A state  propagation  subfunction  (section  4. 3.2. 5), 


CO 


6.  A covariance  matrix  propagation  subfunction  (section  4. 3.2.6), 

7.  A state  and  covariance  measurement  incorporation  subfunction 
(section  4. 3. 2. 7),  and 

8.  A measurement  processing  statistics  subfunction  (section  4.3. 2.8) 

Tables  4. 3. 2-1  and  4. 3. 2-2  are  the  level  B CPDS  tables  Which  show 
data  flow  between  the  rendezvous  navigation  and  other  principal 
f uncti ons . 


TABLE  4. 3.2-1  RENDEZVOUS  NAVIGATION  PRINCIPAL  FUNCTION  INPUT  LIST 


LEVELS 

MNEMON 

LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 

INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 

i 

T8D 

1 ’ i 

-PWRD^FLTJIAV 

ORB/RND  NAV  SEQ“ 

SUBFUNCTION 

NAME 

SUBFUNCTION  . 
INPUT  TABLE 

1 covariance  matrix 
propagati on 
© state  propagation 

4. 3. 2. 6-1 
4.3. 2. 5-1 

REND_NAV_FLAG 

ORB/RND  NAV  SEQ 

1 state  and  covari- 
ance setup 
9 state  propagation 
9 covariance  matrix 
propagation 

4.3.2. 4- 1 

4. 3. 2. 5- 1 

4. 3. 2.6- 1 

OV_UPLINK 

(ground  uplink 
processor) 

© state  and  covari - 
ance  setup,. 

4.3. 2. 4-1 

TV^PLINK  i 

(ground  uplink 
processor) 

@ state  and  covari - 
ance  setup 

4.3.2. 4-1 

R GNb 

V GND 
T GND 

R TV  GND 

V TV  GND 
DO_AUTO_UPDATE 

(ground  uplink 
processor) 

• state  and  covari - 

• ance  setup 

4. 3.2. 4-1 

TOT_ACC 

1 ■■  ^ : 
r ■ ' ■ 

1 : L'.' 

l:;  ■ ;•  l ; 

ORB/RND  NAV  SEQ 

@ state  propagation 
6 covariance  matrix 
“ propagation  j 

0 state  and  covari ance 
meas.  incorp. 

4.3. 2. 5- 1 

4.3.2.6- 1 

4.3.2. 7- 1 

03 

ro 

i 

on 


TABLE  4. 3. 2-1  RENDEZVOUS  NAVIGATION  PRINCIPAL  FUNCTION  INPUT  LIST  (conf d) 


LEVEr'B' 
MNEKON  : 

” 

LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 

INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 

ciiKirTT/nM  ijutru  htti  T7r  Tur  \/aDTARlPV 

SUBFUNCTION 
: NAME 

SUBFUNCTION 
INPUT  TABLE 

I MU  RM 

0 state  propagation 

4. 3.2. 5-1  : 

■y:URRENT_FILT 

IMU  RM- 

• state  and  covariance 
matrix  setup 
0 state  propagation — 
® state  and  covari ance 
meas.  incorp. 

4, 3.2. 4-1 

_4.3.2.5-il  ' 
4.3.2.7-i 

TBD  . 

R FILT 
XFILT 

ORB/RND  NAV  SEQ 

0 state  propagation 
0 covariance  matrix 
■propagation 
• state  and  covariance 
meas.  incorp. 

4.3.2.5- n'  ' 

4. 3. 2. 6- 1 

4. 3. 2. 7- 1 

V LAST  FILT 
•IXASiXILTr 

ORB/RND  NAV  SEQ 

$ state  propagtion 

4.3.2.5-1 

SQR  EMU 
C MN  AN 
S MN  AN 
C MX  AN 
S_MX_AN 

ORB/RND  NAV  SEQ 

0 state  propagation 

4,3.2. 5-1 

^Ve  ■ 

ORB/RND  NAV  SEQ 

0 covariance  matrix  ■ 
propagation 

4. 3, 2. 6-1 

, ■ . . . . 1 

USE_MEAS_DATA 

ORB/RND  NAV  SEQ 

6 sensor  measurement 
selection 

4. 3. 2. 3-1 

TABLE  4. 3. 2-1  RENDEZVOUS  NAVIGATION  PRINCIPAL  FUNCTION  INPUT  LIST  (cont'd) 


LEVEL  B 
MNEMON 

LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 

INTERNAL  SUBFUNCTION 
(SUBFUNCTIONS  WITNIN 

CnKirTTHM  UUTrU  tITTi 

DESTINATION 
THIS  PRINCIPAL 
IE  THE  VARIABLE) 

V:  -- 

rU|>lLrliUlM  VinILn 

N ACCEPT  — 

N REJECT 
SEQ  ACCEPT 
SEQ_REJEeT 

SUBfUNCTION 

NAME: 

SUBFUNCTION 
INPUT  TABLE 

ORB/RND  NAV  SEQ 

0 measurement  pro- 
cessing statistics 

4. 3.2. 8-1 

R TV 
V TV 
^TV 

ORB/RND  NAV  SEQ 

(3  state  propagation 
t covari ance  matri x 
propagation 

® state  and  covariance 
meas.  incorp. 

4.3.2.5- T 

4. 3. 2. 6- 1 

4. 3. 2. 7- 1 

TBD 

VENT_THRUST_BIAS 

ORB/RND  NAV  SEQ 

© state  propagation 
9 state  and  covariance 
meas.  incorp. 

4. 3. 2. 5-1 

4. 3. 2-.  7-1 

Q-RRSHFT 
Q RR  TURN 
Q RR  RN6 
Q RR  RN6  DOT 
RNG  DATA  GOOD 
ROOT  DATA  GOOD 
RR  ANGLE  DATA 
GOOD 

M M50  TO  BODY  RR 
T REND  RADAR 

REND  RADAR  SOP 

$ external  sensor  data 
snap 

© state  and  covariance 
meas.  incorp. 

4. 3. 2. 2-1 
4v3.2.7-l 

Z"E'£‘17 


TABLE  4, 3. 2-1 


RENDEZVOUS  NAVIGATION 


PRINCIPAL  FUNCTION  INPUT  LIST  (cont'd) 


-I 


LEVEL  B 
MNEMOri 


TBD 


LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 

INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
.FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 

Q ST  HORII 

Q ST  VERT  • ■ 

N ST  IN  USE 
ST  DATA  GOOD 
M MSO.TO  BODY  ST 
T STAR  TRACKER 
Q COAS  HORIZ 
Q COAS  VERT 
N COAS  IN  USE 
COAS  DATA  GOOD 
M M50  TO  BODY  ' 
COAS 

STAR  TRACKER  SOP 

-i -SUBFUNCTION 
L.^JAME 

SUBFUNCTION 
INPUT  TABLE 

• external  sensor  data 
snap 

i state  and  covariance 
' meas.  incorp. 

4.3.2.2-r 
4.3.2. 7-1  . 

RR  ANGLES  ENABLE 
ST.  ENABLE 
COAS  ENABLE 
RNG  AIF  ^ 

ROOT  AIR 
ANGLES_AIF 

NAV  MONITOR  KIP 

0 sensor  nieasurement 
selection 

4.3.2.3-1 

SI6  UPDATE 
■ COV  COR  UPDATE 
SI6  TV  UPDATE 
COV  COR  TV  UPDATE 

(ground  uplink 
p processor) 

9 state  and -covariance 
setup 

4. 3. 2. 4-1  ^ 

JSsV  ; 


TABLE  4. 3. 2-2 


RENDEZVOUS  NAVIGATION 


PRINCIPAL  FUNCTION  OUTPUT  LIST 


, LEVEL  B 
MNEMON 

LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 

: ;;■/  . ‘i  h 

USE_IMU_DATA 

ORB  USER  PARAM  PROC 

■ . ■ ■ 

\ 

j 

“ i 

R RESET 

V RESET 
T RESET 

V TV  RESET 
R TV  RESET 

ORB  USER  PARAM  PROC 

TBD 

V TV  RESET 

filopdate 

DID^UTCMJPDATE 

(ground  uplink 
processor) 

TARG_VECJVVA1L 

ORB/RND  NAV  SEQ 

INTERNAL  SUBFUNCTION  'DESTINATION 
(SUBFUMCTIONS  WITHIN  THIS  PRINGIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 

SUBFUNCTION 

NAME 

SUBFUNCTION 
INPUT  TABLE 

S state  propagation 

4. 3. 2. 5-2 

0 rendezvous  control 

4. 3. 2. 1-2 

1 

® state  and  covariance 
setup 

4. 3, 2. 4-2  ■ ^ 

• state  and  covariance 
setup  • 

4. 3. 2. 4-2 

4. 3. 2.1  Rendezvous  Control 

The  rendezvous  navigation  principle  function  shall  pro- 
vide the  capability  to  control  state  and  covariance 
matrix  propagation  and  navigation  filter  updates . 

A.  Detai 1 ed  requi rements 

Rendezvous  control  shall  perform  the  following  tasks  in 

the  order  i ndicated . ( For  definitions  of  variabl es » see 

input  and  output  tables  4.3.2.1-1  and  4.3.2.1-2.) 

1.  The  accumulated  IMU  sensed  veTocity  and  the  corresponding 
time  tag  shall  be  obtained  as  described  in. section  4. 2. 1.1. 

2.  An  externaT  sensor  data  snap  shall  be  performed  as  described 
in  section  .4. 3. 2. 2. 

3.  The  State  vector  shall  be  propagated  as  described  in  section 

^ > 

4.  The  covariance  matrix  as  described  in  section  4. 3. 2. 6. 

5.  The  rendezvous  sensor  measurement  selection  subfunction 
shall  determine  which  measurements  are  to  be  presented  to 
the  filter  for  processing*  as  described  in  section  4. 3. .2. 3. 

6.  The  state  and  covariance  setup  subf-unction  shall  set  up 
.the  proper  state  vector  and  covariance  matrix  for  use 

by  the  state  and  covariance  measurement. incorporation  task 
as  described  in  section  4. 3. 2. 4. 


7.  The  state  and  covariance  measurement  incorporation 
subfunction  shaTT  update  the  state  vector  and  covariance 
matrix  for  each  of  the  measurements  being  processed 

as  described  in  section  4.3. 2.7.  This  subfunction  is 
exercised  for  each  measurement  type  only  if  data  are 
to  be  processed  as  determined  by  the  rendezvous  sensor 
measurement  selection  subfunction.  A counter  (RR_ANGLE_ 
MARKJIUM,  RRD0TJ1ARKJUM,  STJARK_NUM,  or  COAS_MARK__NUM) 
shall  be  incremented  for  each  measurement  processed  to 
indicate  the  mark  number  for  post  mission  analysis  pur- 
poses. 

8.  The  position  and  velocity  of  the  orbiter  and  the  target, 
the  associated  time  tag,  and  the  accumulated  velocity 
count  shall  then  be  stored  for  use  by  the  user  parameter 
state  propagator, 

^ESET  = ^ILT 
. V_RESET  = IJILT 
]_RESET  = T_LAST_FILT 
^V_RESET  = RJV 
yjvjESET  = yjv  ■ 

yjMUJESET  = 

Then  the  filter  update  flag  shall  be  set  to  ON  to  indicate 
to  users  that  the  current  rendezvous  navigation  filter 
update  is  complete, 

FTLT  UPDATE  = ON 


4.3.2-10 


.1  i ) 


9.  Finally,  the  measurement  processing  statistics  subfunction 
shall  be  performed  as  described  in  section  4. 3. 2. 8. 

B.  Interface  Requirements. 

The  input  and  output  parameters  are  listed  in  tables  4. 3. 2. 1-1 
and  4. 3. 2,1-2.  ^ . . 

C.  Processi ng  Requ i rements 

Rendezvous  control  shall  be  executed  at  a premission  deter- 
mined rate  when  the  rendezvous  navigation  principle  function 
is  scheduled. 

D.  Constraints 
None, 

E.  Supplemental  Information 

A suggested  inplementation  of  rendezvous  control  is  illustrated 
• by  NAV_RENDEMUS  in  Appendix  B. 


4.3.2-11 
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TABLE  4. 3, 2. 1-1.  - Rendzyous  Control  Input  Parameters 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE  i 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Shuttle  position  vector  in 
K50  coordinates 

MILT 

Rendezvous 

measurement 

incorporation 

V 

D 

ft 

Filter  rate 

Shuttle  velocity  vector 
in  M50  coordinates 

yjiLT 

^ -I 

Rendzvous 
measur'ement 
i ncorporaiion 

V 

S 

ft/ sec 

j 

Filter  rate 

Time  of«  1 a test  filter 
update 

T_LAST_FILT 

^ ^ ^ ' -I 

: I 

Rendezvous  state 
propagation 

S 

D 

sec 

Filter  rate 

Target  position  vector 
in  M50  coordinates 

MV 

Rendezvous 

measurement 

incorporation 

V 

D 

ft 

Filter  rate 

CO. 

Target  velocity  vector  ’ ' 

h in  M50  coordinates 

y_rv 

Rendezvous 

measurement 

incorporation 

V 

S 

fVsec 

Filter  rate 

Last  IMU  velocity 
count 

v_last_filt 

Rendezvous 
State  pro- 
pagation 

V 

S 

ft/sec 

Filter  rate 

Flag  1 ndi eating  that  the 
rendezvous  radar  angles 
are  to  be  processed 

DO_RR_ANGLE_ 

NAV 

Rendezvous  sensor 
measurement 
sel ection 

D , 

Filter  rate 

FI ag ■ i ndicati ng  that  the 
rendezvous  radar  range  and 
range  rate  are  to  be  pro- 
cessed. , 

DO_RRDOT_NAV 

Rendezvous  sensor 

measurement 

selection 

D 

Filter  rate 
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TABLE  4.3.2.T-1 , (continued)  Rendezvous  Control  Input  Parameters 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

n — : — 
TYPE 

i- 

f 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Flag  indicating  that  . 
star  tracker  angles 
are  to  be  processed 

DOJTJNGLEJAV 

Rendezvous 

sensor 

measurement 

selection 

k/D 

Filter  rate 

1 Flag  indicating  that 
COAS  angles  are  to  be 
processed 

DO*  GOAS  ANGLE 
A NAV 

Rendezvous 
sensor  v 
maasurement 
seTection 

D 

• 

Filter  rate 

i 

SYMBOL 

Counter  indicating  number-, 
of  times  rendezvous  radar  ? * 
range  and  range  rate  were  .j  i 
proeessed  , ,1 

. ■ -V'-  ' 

RRD0TJ1ARKJIUM 

■ , 

Counter  i ndi eating  number  ; 
of  times  rendezvous  radar  ' 
angles  v/ere  processed  , 

RR  ANGLE  MARK 
NUM 

Counter  indicating  'number  ; 
of  times  startracker  data  ' 
were  processed 

STJIARKJUM  ■ 

Counter  i ndicati ng  number  v 
of  times  COAS  data  were 
processed  ^ r 

GGASJ^ARiyiUM 

Or biter  position  vector 
after  all .navigation  up- 
dates reserved  for  reset 
of  guidance  integrator 
position  vector 

. 

O^SET 

i ■■  ^ . 

1 . : , 

Qrbi ter  yel oci ty  vector 
after  all  navigation  . 
updates  reserved  for  re- 
set of  guidance  integra- 
tor velocity  vector  ' 
V_AVG_G  • t 

i 

: V ,'r.  V 

•2.  - Rendezvous  Control  Output  Parameters 


OUTPUT  SOURCE 


Downlist 


Down! 1st 


Downlist 


Down! 1st 


TYPE 

PRECISION 

. 

D ■ 

5 

D 

S 

D 

S 

D . 

S 

V 

- % 

D , 

V 

S 

RATE 


Filter  rate 


Filter  rate 


Filter  rate  ' . - 


Filter  rate 


Filter  rate 


ft/sec|  Filter  rate 


TABLE  4. 3. 2. 1-2  (Continued)  Rendezvous  Control  Output  Parameters 


DESCRiPTIGM  ' V 

SYMBOL 

OUTPUT-SOURCE 

TYPE 

PRECISION 

' 1 

RANGE 

] 

UNITS 

COMPUTATION 

RATE 

Time  associated  . 

reserved  reset  state  ' 

T_RESET  . 

: : _ 
- " 1 

D . 

! 

Sec 

Filter  rate  ■ 

Target  position  vector  ^ 

after  all  navigatidn 
f updates  reserved  for 
! reset  of  guidance  in-  ; ^ 
tegrator  position  ' 

;■  vector  R TARGET 

R TV  RESET  ! 

' ' i 

; ;•  J 

’ ^ ' 1 

: * V::'^  ^ ' ' ' ■ 

V 

D 

ft 

Filter  rate  • 

' i 
* 

[ 

? 

■ 4 

Target  velbcity 
after  all  navi gati on  up- 
dates reserved  for  reset  • 
of  guidance  integrator 
P velocity  vector  V TARGET- 

io:  • . : ; 

V_JV_RESET 

■ '■*  ' \ V 

: V 

-.S'-:  ■; 

ft/sec 

filter  rate  j 

! 

i 

i 

|(  Copy  of  y_LA$T  FILT 
• reserved  as  veTocity 
count  at  start  of  extra- 
t polation  interval  when  " . 

j:  guidance  integrator  is  ‘ f 

reset  . ' . ' ■ : ■ f: 

VJMUJl 

if 

• V 

D 

i • J . 

1 . : ■ 

1 : 

ft/sec 

Filter  rate  | 

^ t 

' } 

i 

\ ^ 1 

i 

: l Flag  indicating  (ON) 

V;  that  the  current  navi-  r 

! gation  cycle  is  complete 

I FILTJJPDATE 

ic  , r 

1 ' ' ^ ^ ' 

D 

■ 

Filter  rate  1 

i 

i 

! 

1 


* Rendezvous  navigation  principaT  function  output  list 


i 

i 


1 

{ 

i 

i 

i 


I 


r 


4. 3.2.2  External  Sensor  Data  Snap 

The  purpose  of  this  subfunction  during  the  rendezvous  navigation 
phase  is  to  collect  and  store  sensor  data  from  the  Rendezvous 
Radar,  the  Star  Tracker  and  the  Crew  Optical  Alignment  Sight 
(COAS). 

The  data  sets  used  in  navigation  processing  must  be  properly 
saved  for  use  in  the  state  and  covariance  measurement  incorpor- 
ation subfunction,  whereas  the  actual  data  may  continue  to  be 
refreshed  by  hardware  sensor  reading,  sensor  SOP  processing, 
and  selection  filter  unification. 

A.  Detailed  Requirements. 

During  the  rendezvous  phases,  data  from  the  external^^^^^^^^^^^^^^^^^^ 
sensors,  together  with  the  corresponding  data  good  flags, 
associated  time  tags  and  rotation  matrices  from  M50  to  the 
orbiter  body  axes  valid  at  those  times,  shall  be  obtained  ^ 
and  stored.  The  equations  are: 

1.  For  the  Rendezvous  Radar. 

SNAP  RENDJ^ADAR  (Q_RR_SHFT,  QJ^RTRUN,  Q_RRJ^NG, 
Q_RR_RNGJ)OT,  RNGJ)ATAJ00D,  RD01'J3ATA_G00D, 
ANGLEJDATA_GOOD,  ^^i50^0_^0DY_RR,  IJ^END^OAR) 

■■■  where  , ^ 

Q_RtSHFT  is  the  sha 
Q_RRJTRUN  is  the  trunnion  angle. 
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RR_ANGLE_DATA_600D  the  validity  flag  of  the 
above  measurements , 

Q_RR__RNG  is  the  radar  range  measurement, 
RNG_DATA_G00D  the  respective  data  good  flag, 
Q_RR_RNG_DOT  the  radar  range  rate  reading, 
RD0T_DATA_G00D  the  respective  validity  indicator, 
T__REND_RADAR  the  time  at  which  these  measurements 
are  considered  to  have  been  effected,  and 
M_M50_T0_B0DY_RR  the  transformation  matrix  from 
mean  of  1950.0  coordinates  to  the  body  coordinate 
system  at  the  tim.e  Tj_REND_RADAR. 

For  the  Star  Tracker, 

SNAP  STARJTRACKER  (Q_ST_H0RIZ,  Q_STJ/ERT, 

NJSTJOSE*  Sl^ATAj00D,>yi5^^^ 

TJSTAfyRACKER) 

where 

QjST_H0RIZ  is  the  horizontal  angle, 

Q_ST_VERT  the  vertical  angle, 

ST_DATA_G00D  the  data  good  flag  relative  to  these 
angles, 

N_ST_IN_USE  the  identifier  Of  the  particular  star 
tracker  that  made  the  above  measurements, 
TJSTARJTRACKER  the  time  tag,  and 
M_M50_B0DY_ST  the  required  rotation  matrix  at 
the  time  of  the  measurements. 
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3.  For  the  COAS, 

SNAP  COAS  (Q_COAS_HORIZ,.  QJOASJERT,  N_COASJNJJSE, 
C0AS_pATA_600D,  M_M50_T0_B0DY_C0AS » T_C0AS ) 
where 

Q_COAS_HORIZ  is  the  horizontal  angle, 

Q_COAS_VERT  the  vertical  angle, 

C0AS_DATA_600D  the  flag  that  indicates  the 
validity  of  the  above  readings, 

N_COAS_IN_USE  the  identifier  of  the  particijlar 
instrument  used  to  obtain  the  angles, 

TjCOAS  the  time  of  the  measurenient-s..  and 
M_M50_T0_B0DY_C0AS  the  matrix  that  describes  the 
rotation  from  the  M50  to  the  body  coordinate 
systems  at  the  time  T__C0AS. 

B.  Interface  Requirements 

The  input  and  output  parameters  are  listed  in  Tables 
4. 3.2. 2-1  and  4. 3. 2.2-2,  respectively. 

C.  Processing  Requirements. 

It  is  required  that  the  data  from  the  sensors  (measure- 
ments, ID's,  validity  flags,  rotation  matrices,  and  time  tags) 
be  made  available  for  the  collection  and  storage  process.  The 
collection  rate  (not  necessarily  sensor  interrogations) 
is  indicated  by  the  cnorbit/ rendezvous  navigation  sequencer. 
However,  this  rate  assumes  that  the  available- data  are 
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fresh.  This  implies  that  sop's  processing  and  selection 
filtering  must  be  at  a rate  equal  to  or  greater  than  the 
collection  rate. 

D.  Constraints. 

The  data  collections  should  occur  after  a complete  current 
set  is  available  and  just  prior  to  use  in  navigation  in 
order  to  supply  current  data. 

E.  Supplementary  Information.  A suggested  implementation  of 
.the  external  sensor  data  snap  subfunction  in  the  form  of 
a detailed  flow  chart,  may  be  found  in  Appendix  B as  a 
portion  of  the  NAV__RENDEZVOUS  flow  chart.  The  snap  state- 
ment above  implies  the  assignment  of  current  values  to  the 
variable  names  shown  in  parenthesis. 


4.3.2-19 


TABLE  4. 3. 2. 2-1  EXTERNAL  SENSOR  DATA  SNAP  INPUT  PARAMETERS 


OESGRiPTION 

SYMBOL  • 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

-RATE 

Rendezvous  radar  shaft  . 

Q RR  SHFT 

¥ 

DP 

Rad 

Filter  rate 

measurement 

Rendezvous  radar  trunnion 

Q RR  TRUN 

★ • . 

■ ■ ■■  ■ ■ 

F 

DP 

Rad 

Filter  rate 

angle  measurement ^ 

Rendezvous  radar  angl e 

. RR  ANGLE  DATA 

if  ■ 

D 

ON, OFF 

Filter  rate  i 

measurement  data  good  flag 

GOOD 

‘ . / ■ 

Rendezvous  radar  range 

Q RR  RNG 

F 

DP 

Ft 

Filter  rate 

measurement 

t 

^ Rendezvous  radar  range 

RNG_DATA_G00D 

- . ■ ■■ 

D 

ON, OFF 

• 

Filter  rate  ? 

CO  ; measurement  data  good 

I 

rv>  flag 

' ! 

: " ■ ' ■ ! 

1 

^ Rendezvous  radar  range 

Q_JliyiNG_pOT 

F 

DP 

Ft/sec 

Filter  rate 

rate  measurement 

. 1 

Rendezvous  radar  range 

RD0Ti_pATA_G00D 

* . 

D 

ON, OFF' 

Filter  rate 

rate  measurement  data 

[ - -■ 

good  flag 

I ■ . 

■ .1 

■ 

Time  of  rendezvous  radar 

T_REND_RADAR 

F 

DP 

Sec 

Filter  rate 

measurements 

Rotation  matrix,  M50  to 

M M50  TO  BODY 

, ic  ■ 

M 

DP 

Rad 

Filter  rate 

body,  at  IIREND^ADAR 

RR 

■ J 

e ■ 

‘ 

* Rendezvous  Navigation  Principal  Function  Input  List 
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TABLE  4.3.2. 2-1  EXTERNAL  SENSOR  DATA  SNAP  INPUT  PARAMETERS 


: DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

' . type 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Star  tracker  measured 
horizontal  angle 

Q_ST_H0RIZ 

:F  / 

DP 

Rad 

Filter  rate 

Star  tracker  measured 
vertical  angle 

QJTJERT 

: 

i.  ■ ' ■ ■ 

"f 

DP 

i 

kad 

Filter  rate 

■ ■ ■ 

Star  tracker  measurement 
_data  good  flag 

ST_DATA_600D 

ii 

D 

1 

1. 

ON, OFF 

Filter  rate 

i , ' ■ 

Star  tracker  identifier 

N_STJNJSE 

•k  ■' 

; / I"''-:: 

’ ' - ‘ - ■ 

1,2 

- 

Filter  rate 

Time  of  star  tracker 
measurements 

T_STAR_TRACKER 

. -k  . : . . 

J ' 

DP 

1 

Sec 

Filter  rate 

Rotation  matrix,  M50  to 
body,  at  T_STAR_TRACKER 

M M50  TO  i 

B0DY_ST  i 

iC  - ; ■ ' ' 

DP 

- 

Filter  rate 

COAS  measured  horizontal 
angle 

Q^OASJORIZ 

* 

■ ; 

F 

DP 

Rad 

1 

Filter  rate 

COAS  measured  vertical 
angle 

QJCOAS^ERT 

k 

F 

DP 

Rad 

■ . 1 

Filter  rate 

COAS  measurement  data 
good  flag  • 

C0AS_DATA_S00D 

. * . . 

D 

: - 

ON, OFF 

- 

Filter  rate 

COAS  identifier 

N_BOAS_IN_USE 

: \ - I T 

1,2 

- 

Pi  I ter  rate 

Rendezvous  Navigation  Pnncipal  Function  Input  List 
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TABLE  4.3.2.2-1  EXTERNAL  SENSOR  DATA  SNAP  INPUT  PARAMETERS  (confd) 


DESCRIPTION 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE  ‘ 

Time  of  COAS  measurements 

T_C0AS 

i 

DP 

Sec 

Filter  rate 

Rotation  matrix,  M50  to 

M M50  TO 

■ :M- 

DP 

■ i 

Filter  rate 

body,  at  T_C0AS 

B0DY_C0AS 

* Rendezvous  Navigation  Principal  Function  Input  List 


TABLE  4. 3.2. 2-2  EXTERNAL  SENSOR  DATA  SNAP  OUTPUT  PARAMETERS 


DESCRIPTION  • 

SYMBOL 

OUTPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

COMPUTATION 

RATE 

Rendezvous  radar  shaft 
angle  measurement 

Q_RR_SHFT 

,F 

DP 

Rad 

Filter  rate 

Rendezvous  radar  trunni on 
angl e measurement 

q_R[yRUN  • 

;;VF  ■ 

DP 

i 

! Rad 

Filter  rate 

' 

Rendezvous  radar  angle 
measurements  data  good^^^^^^ 
flag 

RR  ANGLE  DATA 
, GOOD 

: d 

ON, OFF 

1 . . ., 

Ft 

Filter  rate 

Rendezvous  radar  range  j 

measurement  : : 

(^RJING^^^  'r 

::  F 

DP 

Ft 

Filter  rate 

Rendezvous  radar  range 
measurement  data  good 
flag 

RNG_DATA_G00D 

/:.  ■ if  ■ ! 

D 

ON, OFF 

- : . 

Filter  rate 

Rendezvous  radar  range 
rate  measurement 

Q_RR_RNG_DOT 

■ : ...  * 

F 

DP 

• 

Ff/sec 

Filter  rate 

Rendezvous  radar  range 
rate  measurement  data  ■ 
good  flag 

RD0T_DATA_G00D 

D 

ON, OFF 

■ j 

Filter  rate 

Time  of  rendezvous  radar  ■ 
measurements 

T_REND_RADAR  ' 

F . 

DP 

Sec 

Filter  rate 

Y-  -P* 

||  ; • 

i- : : ^ : 

ft-  i 

tn:) 


* Rendezvous  State  and  Covariance  Measurement  Incorporation  Subfunction 
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TABLE  4 . 3 . 2 .2-2  EXTERNAL  SENSOR  DATA  SNAP  OUTPUT  PARAMETERS 


. DESCRIPTION 

SYMBOL 

OUTPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

COMPUTATION 

RATE 

Rotation  matrix,  M50  to  body 
atT^^ 

M M50  TO 
B0DY_RR 

ic 

■ M 

DP 

i 

- 

Filter  rate 

Star  tracker  measured 
horizontal  angle 

Q_ST__H0RIZ 

f .'  * 

F 

DP 

Rad 

Filter  rate 

Star  tracker  measured 
vertical  angle 

Q^TJERT 

* 

' F 

DP 

Rad 

Filter  rate 

star  tracker  measurement 
data  good  flag  . 

STJDATAJ300D 

: ■ ' ■ : -k  . 

i * ' ^ ' 

D 

: 

ON, OFF 

1 

Filter  rate 

j 

Star  tracker  identifier  ' 

N_SrjN_jJSE 

* : ’ 

' 1 ■ : 

1,2 

Filter  rate 

Time  of  star  tracker  t 

measurement  . •, 

T JTAR5RACKER ' 

* - 

: T 

DPT 

Sec 

Filter  rate 

Rotation  matrix,  M50  to 
body  at  T_STAR_TRACKER 

M M50  TO 
B0DY_ST  ; 

DP 

, ■ 

F-ilter  Vate 

COAS  measured  horizontal 
angl  e. 

Q^COASjiORIZ 

■ DP 

Rad 

Filter  rate 

COAS  measured  vertical 
Angle 

QjGOASJ/ERT 

■ ■ ' 

F 

DP  . 

• 

Rad 

Fi  1 ter  rate 

COAS  measurement  data 
good  flag 

COAS  DATA 
GOOD 

k 

D 

“ 

ON, OFF 
\ 

- 

Filter  rate 

OJ 

TO 


TO 


* Rendezvous  State  and  Covariance  Measurei^en^^  Incorporation  Subfunction 


1^:: 
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4. 3. 2. 3 Sensor  Measurement  Selection 

A capability,  designated  as  the  rendezvous  sensor  measurement 
selection  subfunction,  is  required  to  determine  if  external  sensor 
measurement  data  will  be  presented  to  the  state  and  covariance 
measurement  incorporation  subfunction  (sec,  4. 3. 2. 7)  when  the 
rendezvous  navigation  principal-  function  is  active.  Selection 
of  measurement  data  shall  also  mean  that  knowledge  of  this  data 
selection  will  be  provided  to  the  measurement  reconfiguration 
subfunction  (sec.  4. 3. 2, 4.1)  to  cause  proper  configuration  of  the 
state  vector  and  covariance  matrix. 

A.  Detailed  requirements  . 

The  requirements  for  this  subfunction  are  given  as  a set  of 
necessary  sensor  measurement  data  selection  capabilities.  Only 
the  following  four  sensor  measurement  data  types  will  be 
considered  for  selection:  rendezvous  radar  range  and  range 
rate,  rendezvous  radar  angles  (shaft  and  trunion),  star 
tracker  angles  (horizontal  and  vertical ) , and  COAS  angles 
(horizontal  and  The  following  capabilities  shall 

be  provided. 

V.  All  external  sensor  meesurement  processing  shall  be 
inhibited  for  a premission-determined  time  prior  to 
. the  initiation  of  powered  fl ight  and  during  powered 


H 


I 


) 


2.  If  external  sensor  measurement  processing  is  not  inhibited 

then  rendezvous  radar  range  and  range  rate  data  will  be 
selected  for  processing  and  the  crew  shall  be  able  to 
manually  enable  any  one  of  the  following  sensor  measurement 
datatypes:  rendezvous  radar  angles  data,  star  tracker 

angles  data,  or  COAS  angles  data.  The  last  enabled  of  these 
three  angles  data  types  shall  be  the  only  angles  data 

type  selected,  i.e. , the  remaining  two  angles  data  types 
shall  not  be  considered  for  selection. 

3.  The  crew  shall  be  able  to  manually  force  or  inhibit  the 
sel ecti on  of  sensor  measurement  data  or  to  al low  the 
selection  process  to  be  automatic.  Manual  forcing  or 
inhibiting  shall  override  the  automatic  selection  criteria. 
For  each  of  the  three  angle  data  types,  forcing  or  inhibiting 
shall  effect  selection  only  if  that  angles  data  type  is 
enabled. 

4.  If  a crewman  forces  rendezvous  radar  range  and  range 
rate  data  or  an  enabled  angles  data  type  then  the 
forced  data  wi 1 1 be  presented  to  the  state  and  covariance 
measurement  subfunction  and  the  residual  edit  test  shall 
be  overridden  for  that  data  type.  If  a crewiiran  inhibits 
rendezvous  radar  range  and  range  rate  data  or  an  enabled 
angles  data  type  then  the  inhibited  data  will  be  processed 
for  statistical  display  purposes  only.  The  force  or 
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inhibit  of  sensor  mGasurement  data  shall  remain  in  effect  . 
across  major  mode  transitions  and  is  removed  by  reverting 
I to  automatic  selection.. 

5.  If  the  automatic  selection  criteria  is  in  effect  for 
rendezvous  radar  range  and  range  rate  data  or  an  enabled 
I angles  data  type  then  these  data  will  be  selected  for 

processing. 

B.  Interface  requi reinvents 

The  input  and  output  parameters  for  this  subfunction  are 
indicated  in  tables  4. 3.2. 3-1  and  4. 3. 2.3-2,  respectively. 

C.  Processing  requirements 

This  subfunction  shall  be  performed  after  sensor  measurement 
data  has  been  saved  and  before  the  measurement  reconfiguration 
^ ^ ^ subfunction  (sec.  4. 3. 2. 4.1)  is  executed, 

i D.  Constraints 

The  proper  setting  of  the  -enable  control  for  each  of  the 
angular  data  choices  shall  be  performed  by  software  external 

; to  navigation. 

i 

I ■ E.  Supplementary  information  ' 

I The  foregoing  requirements  indicate  the  existence  of  a pair  ■; 

i*;.;' : ■ ■ ■ ■ -V  ■ - 

il  of  three-jpositi on  software  switches  j i .e. , tv/o  AUTO/ INHIBIT/ 

I?  FORCE  switches,  one  associated  with  reridezvous  radar  range 

I!'"'.'' ■ ' ■ . . • ■ . - V ' 

jj  and  range  rate  data  and  another  associated  with  the  currently 

i|  enabled  angles  measurement  data.  The  existence  of  an  individual 

i I . ORIGINAi;  PAGE  IS 

1 OF  POOR  QUALHng 
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OFF/ON  softvrare  switch  for  each  of  the  angles  data  types  to 
be  used  for  enabling  is  also  indicated. 

A suggested  implementation  of  this  subfunction  is  shown  in 
REND_SENSOR_SELECT  CODE  (appendix  B). 


TASIE  4,3, 2,3-1  l?E«D£2!^0yS  SEIiSOR  KEASURtHEfiT  SEIECTIOM  PARAMETERS 


DESCRlPTlOn  i^ 

j SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

ON/OFF  Flag  used  to 

i 

USE 

Rendezvous 

■ 

D 

S 

OFF/ON 

Filter  Rate 

indicate  if  external 

MEAS 

Nav  Control 

measurements  should 

DATA 

Subfunction 

- 

be  processed 

O g 

• 

C5.  fc 

Rendezvous  radar  ' 

range  and  range  rate 

RRDDT 

AIF 

CHAR 

S 

Filter  Rate 

pi 

AUTO/INHIBIT/FORCE 

..  ■ " 

g2 

switch 

Rendses  AUTO/INHIBIT/ 

iANGLES_AI 

CHAR 

•S 

Filter  Rate 

FORCE  switch  used-fcr 

: d,,._  : ; 

: 

ths  currently  enabled 

CO-  ■ 
ro 

an  gle.^.set,.v. ■ • . t 

i ■ ^ 

■■■ 

p-  ' 

■ O :.■ 

Rendezvous  radar 

RR 

L ■■  ■ 

D 

: S'  • 

Filter  Rate 

angles  ENABLE  flag  , « 

ANSLES 

^ . 1 

p.  : : : 

■ ' ■' 

ENABLE  , 

i.  ' 

COAS  Angles 

COAS  L 

D 

s 

Filter  Rate 

ENABLE  flag  : ■ T ■ ^ I 

ENABLE 

.] 

rii'-' 

Star  tracker  angles 

■■■  -k 

^ ] 

s 

Filter  Rate 

■ 

ENABLE  flaa 

ENABLE 

[ *Rendezvbus  Navigation  Pn'^  Inlist 


TABLE  4. 3. 2.3-2  RENDEZVOUS  SENSOR  'MEASUREMENT  SELEGTION  OUTPUT  PARAMETERS 


DESCRIPTION 

SYMBOL 

OUTPUT  DESTINATION 

TYPE 

PRECISION 

PMQF. 

UNITS 

COMP.,  , ^ 

PvATE  0/SEC) 

V; 

General  edit  indicator 
for  I-th  measurement 
type,-  1 = 1,5. 

, , 

SENSOR 
EDIT  , 

Rendezvous 
Measurement 
proeessihg 
statistics  . 

CHAR 

S 

f 

Filter  Rate 

f •;  : 

Flag  used  (ON)  to 
override  the  residual 
edit  test  for 
rendezvous  radar 
range  and  range  rate 

RRDOT 

EDIT 

OVER- 

RIDE 

RRDOT 
■ data  V " 
processing  i 

D 

OFF/ON 

Filter  Rate 

'ii:;-  . ' 

1 

Oj 

Flag  used  (ON)  to 
override  the  residual 
edit  test  for  rendez- 
vous, radar  angles 

RR 

ANGLES  ■ 
EDIT 
OVER- 
RIDE 

RR  angles 
da'ta: 

processing 

D 

^ ■ 1 

i 

i 

OFF/CN 

Filter  Rate 

i -:-  ^ 

[:V..  . 

Flag  used  (ON)  to 
override  the  residual 
edit  test  for  star 
tracker  angles 

ST 

ANGLES 
EDIT 
OVER-  : 
RIDE 

■ Star  ■ 
tracker 

‘ angles  data 
processing 

L D 

OFF/ON 

Filter  Rate 

- O:  ■ 

t-— Tt-  ■ 

1 : 1^:-; 

Flag  used  (ON)  to 
override  the  residual 
edit  test  for  COAS 
angles 

COAS 
ANGLES 
EDIT 
OVER- 
RIDE ‘ 

— —.--.-.I 

COAS  . T T . ' 

angl es  data 
processing 

V D 

i 

OFF/ON 

i 

1 

f 

1 

: : 

( 

1 

f 

Filter  Rate 

■^Rendezvous  control  and  Rendezvous  measurement  reconfiguratiqn 


TABLE  4,3. 2.3-2  RENDEZVOUS  SENSOR  MEASUREMENT  SELECTION  OUTPUT  PARAMETERS  (CONT)  . 


DESCRIPTION 

V.  ' ^ 

SYMBOL 

j 

OUTPUT  DESTINATION 

TYPE 

PRECISION 

■ 1 

RANGE 

UNITS 

CQMP'  . 

RATE  0/SEC) 

■ ■ ■ ' 1 
’1  ’ ■ ' ■ i 

Flag  indicating  (ON) 
that  COAS  angles  • 
data  are  to  be 
processed  for  statis-  ■ 
tical  display  only 

COAS 

ANGLES 

STAT 

COAS 

angles 

data 

processing 

D 

I 

1 

OFF/ON 

i ■ ■ ■ . ■ 

i 

1.  ■ 

1 

Filter  Rate 

Flag  indicating  (ON) 
that  rendezvous  radar 
range  and  range. rate 
data  are  to  be  pro- 
■ cessed ■ : 

DO 

RRDOT 

NAV  i 

D 

OFF/ON 

■ 1 

■ 1 

' 

Filter  Rate 

Flag- indicating  (ON)  : : 

that  rendezvous  radar 
angles  data  are  to 
be  processed 

"DORR  . 

ANGLES 
NAV 

D 

OFF/ON 

Filter  Rate 

Flag  indicating  (ON) 
that  star  tracker 
angles  data  are  to 
be  processed 

DO  ST 
1 ANGLES 

D 

OFF/ON 

' ■ ' ■ ' 

I 

i 

Filter  Rate 

*Rendezvous  control  and  Rendezvous  measurement  reconf i gurat i on 


TABLE  4. 3. 2. 3-2  RENDEZVOUS  SENSOR  MEASUREMENT  SELECTION  OUTPUT  PARAMETERS  (CONT) 


DESCRIPTICN 


SYMBOL 


OUTPUT  DESTINATION 


TYPE  PRECISION  FLANGE  UNITSl  COMP  RATE 

1 (i/SEC) 


J 


J 


.1 


t 


4. 3. 2,4  State  and  Covariance  Setup 

This  subfunction  is  required  to  perform  the  following  two  niajor 
tasks  during  operation  of  the  rendezvous  navigation  principal 
function: 

• set  up  the  appropriate  position,  velocity,  and  unmodeled 
acceleration  bias  portion  of  the  state  vector  and  co- 
variance  matrix  as  a result  of  an  automatic  inflight 
update,  and 

« ini ti al ize  and  re-conf igure  the  sensor  bi as  porti on  of 
the  state  vector  and  covariance  matrix,  as  a result  of 
sensor  measurement  type  changes , or  as  a result  of  an 
automatic  inflight  update. 

The  following  two  subsections  describe  the  requirements  pertaining 
to  the  above  tasks. 
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4. 3. 2.4.1  Measurement  Reconfiguration 

A capability  shall  be  provided  for  initialization  and  re- 
configuration of  the  sensor  bias  portion  of  the  state  vector 
and  covariance  matrix  for  the  processing  of  measurements  as 
required  by  the  rendezvous  sensor  measurement  selection  sub- 
function  (sec.  4. 3. 2. 3).  The  measurement  reconfiguration 
subfunction  shall  be  performed  when  the  measurement  type  con- 
figuration has  changed  to  include  new  measurements  or  when  an 
auto  inf 1 ight  update  occurs  whi le  the  rendezvous  navigation 
principal  function  is  active. 


A.  Detailed  Requirements 

The  rendezvous  sensor  measurement  selection  subfunction 
shall  provide  a capability  for  determining  when  star 
tracker  angles,  COAS  angles,  rendezvous  radar  angles,  or 
rendezvous  radar  range  or  range  rate  data  are  to  be  pro- 
cessed. The  measurement  reconfiguration  subfunction  de- 
termines whether  a new  measurement  is  to  be  made  available 
and  if  so,  it  reconf i gures  the  bias  porti ons  of  the  state 
vector  and  covariance  matrix  to  account  for  the  change  in 
measurement  status.  New  exponentially  correlated  time  con 
starts  and  process  noise  variances  are  also  selected  from 
premi si  on  values  for  use  in  the  computation  of  the  state 
transition  matrix  and  in  the  addition  of  process  noise. 


I-  . . ■ ■ : .....  ■ -I-.:  ■ I ' ■ ^.f.  r':' 


The  state  vector  is  to  be  reconfigured  by  setting  its  bias 
slots  associated  with  the  new  measurement  types  to  pre- 
mission  values.  Bias  values  of  measurement  types  no  longer 
needed  do  not  have  to  be  zeroed  unless  the  element  slots  of 
these  values  are  needed  by  new  measurement  types.  The  co- 
variance  matrix  is  to  be  reconfigured  by  zeroing  the  off- 
diagonal  terms  associated  with  the  new  measurement  type. 

The  diagonal  terms  are  then  set  equal  to  premission  var- 
iance values  of  the  new  measurement  types.  The  rows  and 
columns  associated  with  the  discontinued  measurement  types 
do  not  have  to  be  zeroed  unless  they  are  used  by  a new 
measurement  type. 

The  accept/reject  counters  (NJCCEPT,NJEJEeT,  SEQ_ACCEPT, 
SEQ_REJECT)  for  each  measurement  group  must  be  reset  to 
zero  for  use  by  the  rendezvous  measurement  processing 
statistics  subfunction  (section  4. 3. 2.8). 

The  formulations  required  for  reconfiguration  of  the  state 
vector  and  covariance  matrix  are  given  before  according  to 
the  sensor  type.  The  measurement  biases  occupy  the  16th 
through  19th  element  slots  in  the  state  vector.  The  last 
.four  rows  and  col umns  of  the  covariance  matrix  are  associated 
with  the  uncertainties  in  these  biases,  A description  of 
symbols  used  in  the  fol Towing  equ  be  found  in  tables 

4.3. 2. 4. 1-1  and4.3.2.4,T-2,'^^;  ^ 


4.::3.2-3& 


Reridezvous  radar  angles 
State  vector: 

SENSOR_BIAS^  - 0 
SE'NS0R_BIAS2  = 0 

Variance:  • 

VAR_SENS_DT^=  VAR.RR_ANGLES_DT^ 

VAR_SENSJ)T2=  VAR_RR_ANeLES_DT2 

Covariance  matrix: 

E . : = 0 .- 

16  to  17,  1 to 

^1  to  19,  16  to  17  ~ ® 

^16,  16  = VAR_RRJ\HGLES^ 

^17,  17  = VARJ^RJNGLES2  , 

correlated  time  constant: 
TAU_SENS^  = TAU_RR_ANGLES^ 
TAU_SENS2  = TA__RR_ANGLES2 

N_ACCEPT^  = 0 ^ 

Nj^EJECT^  = a 

Startracker  angles 
State  vector: 

SENS0R_BIAS^  =0 


4.3.2»37 


I 


I 


I 


SENSORJIAS2  = 0 

Variance: 

VAR_SENSJ)T^=  VAR_ST_ANGLES_DT^ 
VAR_SENS_DT2=  VAR_ST_ANGLES_DT2 

Covariance  matrix: 

E = 0 

15  to  17»  1 to  19 

E 

n to  19,  16  to  17 
^16,  16  = VARJTJNGLES^ 

^17,  17  = VAR_ST_ANGLES2 

Exponentially  correlated  time  constants:^^^ 

TAUJENS^  = TAUJT_ANGLES^ 

TAU_SENS2  = TAU_ST_ANGLES2 

Accept/reject  counters: 

N_ACCEPTy  = 0 

SEQ_REJECT^  ^ Q 
Rendezvous  radar  range  and  range  rate 
State  vector: 

SENSORJ3IAS3  ^ 0 
4.3. 2-38 


I 


I 


i 


( 


SENSORJIAS4  = 0 

Variaace: 

VAR_SENSJDT3  - VARJRDOTJlTy 
VARJENSJ)T4  ^ VAR_RRD0TJ)T2 
Covariance  Matrix:. 

^18  to  19,  1 to  18  " ° 
to  17,  18  to  19  " ° 

^18,  18^ 

E^^  = VARJRDOT2 

Exponentially  correlated  time  constant: 
TAUJENS3  =-  TAU_RRD0T^ 

TAU_SENS^  = TAUJRDOTg 

Accept/reject  counters: 

N_ACCEPT  2 to  3 " ° ^ 

NJEJECT  2 ,0  3 =: 

SEQJCCEPT  2 3 . 

SEQ_REJECT  2 to  3 ° 

C0A$  angles 

State  vector: 

SENSORJIAS^  =0 
SENSORJIAS2  = 0 


4.3.2-39 


I 


I 


I 


f 


i 


Variance: 

VARJENS_DT^  = VAR_COAS_ANGLESJ)T^ 

::  . VAR_SENSJ)T2  = VAR_COAS_ANGLES JTg 

Covariance  matrix:^^^^^  ^ 

^1.6  to  17,  1 to  19  " 

h to  19.  16  to  17  " ° 

^16,  16  VAR_COAS_ANGLES^ 

17  = VAR_C0AS_AN6LES2 

Exponentially  correlated  time  constant: 

TAUJENS^  = TAU_C0AS_AN6LES^ 

TAUJEN$2  = TAU_C0AS_ANGLES2 

Accept/reject  counters: 

NJ\CCEPT^  = 0 • 

N^REOECT-,  - 0 

SEQ_ACCEPT^  ^ 0 

SEQ_REOECT^  - 0 

The  measurement  reconfiguration  subfunction  shall  also  re- 
initial the  State  vector  and  covaria^ 

matrix  in  the  event  of  in-flight  updates,  This  may  be  accomplished 
by  considering  all  measurement  types  as  new  measurements. 

6.  Interface  requirements 


OEIGINAL  PAGE  IS 
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The  input  and  output  variables  for  this  subfunction  are  de- 
scribed in  tables  4, 3. 2, 4. 1-1  and  4. 3. 2.4. 1-2, 

C,  ReqUi  renients 

■ The  measurement  reconfiguration  subfunction  shall  be  performed 

prior  to  processing  of  measurements  and  after  the  e^cecution 
of  the  rendezvous  sensor  measurement  selection  subfunction. 

D.  Constraints 
None, 

E'.  Supplementary  Information 

A suggested  implementation  of  the  measurement- reconfiguration 
subfunction  is  illustrated  by  the  flow  charts  in  Appendix  B, 
REND_NAV_SENSOR_INIT  CODE,- RRDOTJETUP  CODE,  RR_ANGLESJETUP 
CODE,  ST  ANGLES  SETUP  CODE  and  COASJ\NGLES_SETUP  CODE, 


'I :: 

4 ;■ 
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TABLE  4. 3. 2.4. 1-1 . Measurement  Reconfiguration  Input  Parameters 


DESCRIPTION  • , 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

PJVNGE 

uNtrs 

SAMPLE 

RATE 

Flag  Indicating  that 
rendezvous  radar  range 
and  range  rate  are  to 
be  processed 

D0_RRD0T_NAV  • 

Rendezvous  sensor 
measurement  ■ 

selection 

D 

OFF  ON 

1 i 

Filter  rate 

■ 

1 

|; 

FI ag  indicating  that 
rendezvous  radar  angles 
ai"e  to  be  processed  ; ■ 

DO_RR_ANGLESJAV 

Rendezvous  sensor 

measurement 

selection 

D 

OFF  ON 

Filter  rate 

i":-: 

!r!:  ' 

Flag  indicati ng  that 
startracker  angles  are 
to  be  processed 

DO_ST_ANGLES_NAV 

Rendezvous  sensor 

measurement 

selection 

D 

OFF  ON 

' ; 

Filter  rate 

4.3.2 

Flag  indicating  that 
COAS  angles  are  to  be 
processed  • , 

DO  COAS  ANGLES 
JAV 

Rendezvous  sensor 

measurement 

selection 

D 

;1 

OFF  ON 

Filter  rate 

r::  1 

f;' 

ro 

Premission  values  for 
the  rendezvous  radar  i 

range  and  range  rate 
measurement  bias  ' 

variances 

VAR_RRDOT_DT 

premi ssion  load 

1 

V 

DP 

. 

. , . 1 

;■  1 

1 

fl^^/sec, 

ft'Ysec^ 

As  needed 

Premission  values  for 
the  rendezvous  radar 
angles  measurements 
bias  variances 

VAR_RR_AN6LES_DT 

premission  load 

V. 

DP 

1 

j 

nd2/sec 

■■ 

■ ■ " 1 

■ i 

As  needed 

Premi ssion  values  for 
the  startracker.  angles 
measurements  bias 
variances 

VAR_ST_ANGLES_DT 

premi ssion  load 

1 

— 1 

V 

i 

— _J 

DP 

1 . ■ ■ J 

racj^/sec 

' 

As  needed 

Table  4.3.2. 4. 1-T.  (cont1ni|e4)  lieesurerrient 


Preraission  values  for  the  yAR_COAS_ANGLES_DT  preiriiss ion  load 

COAS  angles  measurement 
bias  variances 


P^ehd92yous. radar  range  VAPx_RRDOT  p'remission  load 

and  range  rate 

bias  variance  used  to  ini-  . 

tiallze  the  covariance  . • • . .• 

matrix  diagonal  ■ ' • 

■ P.endezvous  radan'  angles  ^ premission  load 

measurement  bias  variances  ■ , ' ' • . 1 • 

used  to  initialize  co-  ' . . 

^ variance  diagonals^^^^^^^^^^^^^^^^i  1 r . 

Ca> 

*rs3  StartracRer  ^AR__ST^^^  premission  load 

J=.  measurement  bias^^^^^  ^ 

variances  used  to 
initialize  covariance  V 

diaaonaisL::::;  i:  ;i  r 1 ::  X ;X-'  ^ 

CCAS  Angles  measurement ^ ^ premission  load 

bias  variances  used  to  ' . ■ ' 

initialize  the  covanlance 

diagonal;^rxX-x  - ^ ■ X . ':  --X  • . : rx 

Correlation  time  constants  ; TAU_RRD0T  premission  load 

for  v'endezvous  radar  range  ' - 

and  range  rate  - -X 

Correlation  time  constants  TAU_RR_ANGLES  X premission  load 

for  rendezvous  radar  angles  _ 


CD 


jp  % I 

radVsec  As  needed 


ft2,ft^  As  needed 


As  needed 


As  needed 


As  needed 


As  needed 


As  needed 


O M 


TABLE  4. 3. 2.4. 1-1.  (continued)  Heasuren]ent  Reconfiguration  Input  parameters 


TABLE  4. 3. 2, 4-2  Measurement 


OESCRIPTIGN 

SYMBOL  f 

OUTPUT  SOURCE  . 

Filter  covariance 

Rendezvous 

matri x 

measurement 

Incorporation 

General  measurement 

I VAR  SENS  DT 

Rendezvous 

bias  filter  variance 

state  and  co- 

used  in  oropagation 

h.  ' :■  - 

varlanee  prop- 

of  biases  and  in 
adding  process  noise 

f ^ 

agation 

Sensor'  bias  portion  of 

SENSOR  BIAS 

Rendezvous  state 

the  state  vector 

■ * 

and.  covariance 

measurement  Incorp- 

OJ 

oration  . 

cr» 

General  sensor  measure- 

TAUJENS  ' ■ 

Rendezvous  state 

rnent  bias  time  constant 

and  covariance 

Sensor  measurement 

iy\CCEPT' 

Rendezvous 

ACCEPT  counter 

measurement 

processing 

statistics 

Sensor  measurement- 

N_REJECT 

Rendezvous 

REJECT  counter 

measurement 

F.,„ i 

processing 

statistics 

on  Output  parameters 


TYPE  PRECISIOM  RANGS  UNITS: 


COMPUTATICM 

RATE 


Filter  rate 
As  needed 

Filter  rate 

As  needed  ’ 
Filter  rate 


V 


Filter  rate 


TABLE  4.3. 2,4-2  (continued)  Measureirient  Reconfiguration  Output  Parameters 


DESCRIPTION 

SYMBOL 

OUTPUT  SOURCE  ^ ^ 

TYPE 

j 

PRECISION 

RANGE 

UNITS 

COMPUTATICM 

RATE 

Sensor  measurement 
sequential  ACCEPT  counter 

t-  ■ .. 

r'--'-  ■ ■ ' ■ ■ ■■  y ' ■ ■ ' ■ ' • ^ 

SEq_ACCEPT 

Rendezvous 

measurement 

processing 

statistics 

i 

V : 

• 

Filter  rats 

Sensor  measurement 
sequential  REJECT  counter 

SEQ_REJECT 

Rendezvous 

measurement 

processing 

statistics 

V 

. Filter  rate 

4. 3. 2. 4. 2 Auto  In-Flight  Update.  This  task  is  required 
to  set  up  the  proper  state  vector  and' covariance  matrix 
as  a result  of  an  automatic  inflight  update  during  opera- 
tion of  the  rendezvous  navigation  principal  function. 

This  task  shall  be  capable  of  performing  the  following 
basic  sub-tasks: 

1.  Predict  uplinked  orbi ter  state  vector  (M50 
coordinates)  to  current  time  from  uplinked 
time  tag. 

2.  Initialize  (6  x 6)  orbiter  position/velocity 
covariance  matrix  to  pre-mission  stored (or  up- 
linked)  UVW  standard  deviations  and  correlation 
coefficients,  and  initialize  diagonal  elements 
of  the  filter  covariance  matrix  associated  with 
the  unmodeled  acceleration  bias  errors,  to  pre- 
mission stored  values  (in  body  coordinates). 

3.  Predict  uplinked  target  state  vector  (M50  coor- 
dinates) to  current  time  from  uplinked  time  tag. 

4.  Initialize  (6  X 6)  target  position/ velocity  co- 
variance  matrix  to  pre-mission  stored  (or  up- 

1 inked)  UVW  standard  deviations  and  correlation 
coefficients. 

5.  Enable  reinitialization  of  the  sensor  bias  portion 
of  the  state  vector  and  covarial  matrix  by  setting 
the  "DO  SENSOR  NAV  LAST"  flags  to  zero. 


A.  De t a i 1 e d Reg u i renien ts . Section  4.2.5  contains  a des- 
cription of  the  detailed  requirements  for  this  task  (the 
REND_NAV_FLAG  will  be  in  the  ON  setting,  thus  indicating 
those  requirements  necessary  during  operation  of  the 
rendezvous  navigation  principal  function). 

B.  Interface  Requirements.  Input  and  output  parameters  are 
listed  in  the  tables  4. 3. 2. 4.2-1  and  4. 3, 2.4.2-2  respectively. 

C*  Processinq  Regui rements . The  state  and  covariance  setup 
subfunction  shall  be  perfornied  each  navigation  cycle;  however, 
the  automatic  inflight  update  task  shall  only  be  performed 
when  a ground  uplink  has  been  received  (i . e. , the  DO  AUTO 
UPDATE  flag  has  been  set  to  ON  by  the  ground  upl ink  processor) . 

D.  Constraints.  The  constraints  are  identical  to  those 
listed  for  the  auot  inflight  update  task  during  operation  of 
the'onorbit  navigation  principal  function  (see-section  4.3.1 .2) 

E.  Supplementary  Information.  A suggested  implementation  in 

the  form  of  detailed  flow  charts  can  be  found  in  Appendix  B 

and  C under  the  following  names: 

ONORBIT-REMD-AUTO-INFLIGHT-UPDATE 
ONORBIT-RFND-STATE-AND-COV-SETUP  (CODE) 
ONORBIT-GOVINIT-UVW 

ONORBIT-PREDIGT  ^ Appendix  C 


Appendix  B 


oy 

JNO 
I ■ 
-Pi. 
iJD 


Table  4.3.2.4.2-1  AUTO  IN-FLIGHT  UPDATE  INPUT  LIST 


DESCRIPTION 


flag  indicating  (ON)  that 
an  automatic  inflight 
update  of  either  or biter 
and/or  target  state  and 
covariance  matrix  is  to  be 
performed. 


flag  indicating  whether 
rendezvous  navigation 
active  (ON)  cr  onorbit 
navigation  active  (OFF) 


flag  set  by  ground  uplink 
processor  indicating  (OH) 
that  orbiter  vehicle  state 
vector  has  been  iiol inked 


flag  set  by  ground  uplink 
processor  i ndi eating  (ON ) 
that  target  vehicle  state 
vector  has  been  uplinked 


flag  indicating  degree  of 
gravi tati onal  potenti al 
model 


SYMBOL 


DOJiUTO 
UPDATE  ' 


REND  NAV  FLAG, 


OV  UPLINK 


TV  UPLINK 


GM  DEG 


INPUT  SOURCE 


** 


TYPE 


PRECISION 


RANGE 


ON/OFF 


ON/OFF 


ON/OFF 


ON/OFF 


1-8 


UNITS 


SAMPLE 

RATE 


- NAV  rate 


As  rqd 


As  rqd 


As  rqd 


As  rqd 


* rendezvous  navigation  principal  function  input  list 
**  nre -miss ion  load 


Table  4.3. 2. 4. 2-1  - (Gontinued).  AUTO  IN-FLIGHT  UPDATE 


flag  indicating  order  of 
gravitations  potential 
model 


flag  v/hich  activates  (1) 
or  deactivates  (0)  the 
drag  acceleration  model 


flag  which  activates  (1) 
or  deactivates  (0)  the 
venting  and  RCS-uncoupled- 
thriisting  model 


SYMBOL 


GM  ORD 


INPUT  SOURCE 


DRAG  MODE 
NlW  " 


VENT_:M0DE_ 

NAV 


integration  step-size  for  | PREC_STEP 
precision  state  prediction  i 


uplinked  orbiter  position  R-  GND 
vector  (M50)  { 


uplinked  orbiter  state 
vector  time  tag 


T -GNO 


li 


TYPE  PRECISIO!^  RANGE  UNITS  SAMPLE 
I ! 1 RATE 


* rendezvous  navigation  principal  function  input  list 
**  pre-mission  load 


As  rqd 


- As  rqd 


IAs  rqd 


ft  As  rqd 


ft/sec  As  rqd 


sed  As  rqd 


rable  4.3,2>4.2;-1  - Gontinued)  AUTO  IN-FLIGHT  UPDATE  INPUT  LIST 


DESCRIPTION 


SYPiBOL 


INPUT  SOURCE 


fYPE  i PRECISION  RANGE  UNITS!' SAMPLE 


time  tag  of  current  filter  |T_CURRENT_ 
state  vector 


vector  (6  X 1 ) of  standard  I EIG_>UPDATE 
deviati ons  (UVVI)  for  orbiter 
pos i ti on/vel oc i ty  covariance 
ini tiali zation  (ground  update) 


vector  (7  x 1 ) of  correlation  £0V_C0R« 
coefficients  associated  v/ith  Uv'OKTE. 
UVW  standard  deviati ons 
SI6_UPDATE 

used  for  orbiter  position/ 
velocity  covariance  initia- 
1 i zati on  (ground  update) 


earth  aravi tational  constant  EARTH  MU 


vector  (3  x 1)  of  unmodeled  £0VJ\CCEL_ 
acceleration  bias  error  B0DY_INIT 
variances  (body  coordinate  • 
system)  ’ 


state  propagation 


uplinked  target  vehicl e 
position  vector  (M50) 


R -TV  GND 


* 

5 


* rendezvous  navigation  principal  function  input  list 

**  pre-mission  load  "■* ** 


Table  4.3.2.4.2  - 


(Continued)  AUTO  In-FLIGHT  UPDATE  INPUT  LIST 


* rendezvous  navigation  principal  function  input  list 
**  pre-mission  load 


ORIGINAL  PAGE  IS 
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TABLE  4,3.2, 4,2-2  Auto  In-Fl.ight  Updlfe  '^mput  List 


OUTPUT  SOURCE 


flag  indicating  (ON)  that 
an  automati c i nf 1 ight 
update  has  been  performed 


orbiter  position  vector 
(M50) 


DID  AUTO  UPDAT 


R FILT 


orbi ter  vel ocitv  vector 
(M50) 

Vector  of : orbiter  total 
acceleration  (K5Q)  : 


V FILT 


vector  (3  X T)  of  unmodeled  VENT_THRUST 
acceleration  bias  errors  BIAS 

(body  coord,  systems) 


f i 1 ter  covariance  matrix  |t 
of  orbiter  positions  veloci- 
ty,, and  unmodeled  accel- 
eration bias  errors  (9  x 9 
dimensional ) 


state  propagati on , 
covariance  propa- 
gatopm.  rendezvous 
control , state  and 
covariance  measure- 
ment incorporation 

state  propagation, 
covariance  propaga- 
tion 

state  propagation 


■_  state  propagation 


covariance  propa- 
gation 


* rendezvous  navigation  principal  function  output  1 ist 


TABLE  4.3.2.4.2"2  (cont1nue4)  Auto  In-F1ight  Update  Output  List  ■ 


OrSCRlPTIDN 

SYMBOL 

OUTPUT  SOURCE 

TYPE 

PRECISION 

UNITsI  COMPUTATICM  _ 

I RATE 

target  vehiel e pos i ti on 

R-TV 

state  propagation. 

V 

DP 



ft 

As  rqd 

vector  (M50) 

rendezvous  control , 

covariance  propa- 

' 

i;','"  ' ■ ■ ■■■  ■■■■  ■ ^ ■■  ^ - " 

gation,  state- and 

, 

covariance  meas. 

incorp. 

target  vehicle  VeTocity 

V-TV 

state  propagations 

V 

DP 

f 

t/sec 

As  rqd 

vector  (M50) 

rendezvous  control , 

covariance  propaga- 

ti  on  , state  and 

. *■ 

CO 

covariance  meas. 

I\3  ii-'  ' 

I ■■  ■ 1-..  ' 

cn  , ;! 

' ^1.  ^ 1 

incorp. 

flag  indicating  (ON)  the 

TARG  -VEC 

* 

D 

^ 1 

ON/OFF 

_ 

As  rqd 

availability  of  a tar^ 

AVAIL  ~ i 

vehicle  state  vector  and 

1 

time  tag  for  re^initializa- 

1 ' ■ 1 
■ 1 

, ■ 1 

tion  purposes  1 

target  vehicle  total 

iJV 

state  propagation. 

V 

DP  i 

_ 

2 

ft /sec  As  rod 

acceleration  vector 
. (M50)  V 



! 

■ j 
1 

■ ' " . 1 

! 

j 

♦ 

* Rendezvous  navigation  principal  function  output 'list 
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Table  4.kE.4,2-2  AUTO  TN-FLIGHT  UPDATE  OUTPUT  LIST  (concluded) 


DESCPJPTIOK 


SYMBOL 


flag  indicating  (ON)  that  ! DOjCOA^ 

COAS  angles  data  was  se-  iANGLES^NAV, 
1 ect,ed  for  process  i rig  on  LaIST 
1-ast  nav.  cycle 


DO_RR_ANGLES- 
iJAV  LAST 


D0_RRD0T_NAV 
i LAST  - 


flag  indicating  (ON) 
that  rendezvous  radar  : 
angles  was  selected  for 
processing  on  last  nav. 
cycle 


flag  indicating  (ON)  that 
rendezvous  radar  range 
and  range-rate  data  was 
selected  for  processing 
on  last  nav.  cycle 


flag  indicating  (ON)  that  DO_ST_ANGLES_ 
star  tracker  angles  data  NAV-LAST 
v/as  selected  for  processing 
on  last  nav.  cycle  r ^ 


OUTPUT  DESTINATION 


measurement  . 
reconfiguration 


measurement 

reconfiguration 


measurement 

reconfiguration 


measurement 

reconfiguration 


DECISION  range:  UNITS  SAMPLE 
i I R/XTE 


s rqd' 


As  rqd 


As  rqd 


As  rqd 


* rendezvous  navigation  orincioal  function  output  list 


4. 3.2. 5 State  Propagation 


This  subfunction  v/i-ll  perform  a number  of  tasks  related  to 
the  propagation  of  the  orbiter  and  target  state  vectors. 

The  task  of  reading  (snapping)  the  IMU  shall  be  performed 
to  obtain  the  current  time  and  the  accumulated  sensed  velocity. 
Details  of  the  IMU  snap  task  are  to  be  found  in  section  4.2. 1.1. 

Available  acceleration  models  include  gravitational  accelera- 
tions (always  used)  and  non-gravitational  accelerations  (drag, 
venting,  and  uncoupled  RCS  thrusting).  The  latter  shall  be 
used  in  those  circumstances  in  which  sensed  accelerations  ob- 
tained from  the  IMU  accumulated  sensed  velocities  are  judged 
to  be  insignificant.  These  acceleration  models  are  described 
in  detail  in  section  4.2.1. 2. 

The  equations  of  motion  will  be  integrated  with  either  a 
super-g  algoritf-qi  (see  section  4. 2. 1.2.1)  intended  primarily 
for  powered  flight  phases  (i.e.,  those  phasesin  which  signifi- 
cant non-gravitational  accelerations  are  sensed)  or  a precision 
propagation  algorithm  designed  specifically  for  coasting  flight 
phases  and  described  in  detail  in  section  4. 2. 1.3. 2. 

The  task  of  propagation  of  biases  shall  be  performed  by  multiply- 
ing the  previous  value  of  each  bias  by  unity.  Three  biases  prop- 
agated in  this  way  represent  unmodeled  acceleration;  -the  other  4 
are  the  rendezvous  sensor  biases. 


Detailed  Requirement 

The  requirements  of  this  subfunction  for  the  propagation 
of  positions  and  velocities,  follow  closely  those  of 
section  4. 3. 1.3.  They  shall  be  described  here  step  by 
step,  even  though  most  of  these  steps  are  identical  to 
those  described  in  section  .4. 3. 1.3. 

1.  The  IMU  shall  be  snapped  (see  section  4. 2. 1.1  for 
details  of  this  task) 

2.  Values  of  the  orbiter's  position  and  velocity  vectors 
calculated  in  the  previous  navigation  cycle,  together 
with  the  respective  time  tag  and  total  ecceleration  ’ 
shall  be  saved  for  use  in  the  current  cycle: 

IplJ^CCy.AST  - TGTJ\CC 
^LAST  = ^FILT 
VJ-AST  = VJILT 

3.  The  time  interval  for  advancement  of  both  orbi ter 
and  target  state  vectors  shall  be  calculated  by  sub- 
tracting the  time  tag  of  the  previous. cycle  from  the 
time  (T_CURRENT_FILT)  obtained  fronT  the  IMU  snap: 

4.  The  flag  that  i ndi cates  the  choice  of  integrator  for 
the  orbi ter  state  vector  propagation  shall  then  be 
tested.  This  flag,  PWRD_fLTJiAV,  is  set  by  the  on- 
orbit/  rendezvous  navigation  sequencer  principal  func- 

is  set  to  OFF  when  in  a coasting  flight  phase 
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of  the  operations,  and  set  to  ON  just  before  a burn 
occurs  in  the  orbi ter  (no  thrusters  are  anticipated 
in  ■‘•he  target  vehicle). 

4.1  If  the  flag  is  found  to  be  ON,  the  super-g 
.integrator  shall  be  invoked  for  advancement  of 
the  orbiter  state...  This  requires  the  setting  of 
certain  flags.  It  also  requires  comparing  the 
' acceleration  calculated  from  the  IMLI  sensed 
velocities  with  a pre-stored  threshold  value 
below  which  this  acceleration  shall  be  ignored. 

So,  the  following  steps  are  needed: 

4.1.1  Find  the  difference  in  the  accumulated  sensed 
velocity 

O.V_FILT  = 

4.1.2  Calculate  an  acceleration  magnitude  from 
DV_FILT  and  DT.^fILT  and  compare  it  with  the 
threshold  value: 

|DV„FILTi  > DA  THRESHOLD" 

the  calculated  acceleration  is  : 

V larger  than  the  threshold .value,  set  the  following  flags 
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I DRAG  = 0 
IVENT  = 0 
and  set 

DV  = DV_FILT 

On  the  other  hand,  if  the  calculated  absolute 
value  of  the  acceleration  is  below  the  thres- 
hold level,  set 

USE„IMU_DATA  = OFF 
IGD  = GM_DEG 
IGO  = GMJDRD 
I DRAG  - 1 
I VENT  1 
and 

DV  - 0. 

4. 1.3  Find  a value  of  the  sensed  accel erati on  based 
on  ^V  (it  could,  therefore,  be  0.,  thus  ignor- 
ing the  IMU  readings) 

^ENS  - W/DT_FILT  •• 

4. 1.4  Call  the  super-g  integrator  (see  section  4.2.1 .3.1 
for  detaiTed  requirernents)  with  the  flag  values 
jusf  set::'; . 

IN  LISTi  IGD,  IGO,  IDRAGy^ 


OUT  LIST:  i_FILT,  V_FXLT,  ^iEW 

4.2  . In  the  situation  where  the  PWRD_FLT_NAV  is  found 
to  be  OFF,  the  precision  propagation  integration 
scheme  shall  be  called  to  advance • the  orbi ter  state. 

The  sequence,  in  this  case,  shall  be  as  follows: 

4.2.1  Check  the  REMD_NAV_FLAG,  and  choose  the  step-size 
for  the  precision  propagator  according  to  the  values 
of  this  flag.  The  step-size  does  affect  the  accuracy 
of  the  integration,  and  it  is  natural  that  the 
accuracy  requirements  during  the  rendezvous  phases 

be  different  from  those  in  other  phases  of  the  or- 
bital operations.  The  REND_NAV_FLAG,  during  the 
periods  in  which  the  Rendezvous  Navigation  princi- 
pal function  is  in  operation,  shall  always  be  found 
to  be  ON.  This  will  result  in  setting 
DT  = REND^TEP 

4.2.2  The  vector  A SENS  is  required  for  the  computation 
of  T0T_ACC  in  a later  step.  The  precision  propa- 
gator being  a coasting  flight  integrator,  the  sensed 
accelerations  are  not  needed  by  it.  Therefore,  set 

^ = 0.  ^ 

4.2.3  Invoke  the  precis i on  propag ator  (.see  section  4. 2 .1 . 3 . 2 
for  detailed  requirements)  with  calling  arguments  that 
Will  cause  the  modeling  of  drag,  venting  and  uncoupl ed 
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thrusting  accelerations,  vn'th  the  use  of  current 
attitude  information. 

CALL:  CNORBIT_P.RECISEJROP 

IN  LIST:  GM_DE6,  GM_0RD,  1,  1,  0,  DT,  R_FILT, 

^FILT,  T_LAST_FILT,  T_CURRENT_FILT 
OUT  LIST:  ^FILJ,  1_FILT,  G_NEW 

At  the  end  of  either  step  4.1.4  or  step  4.2.3, 
the  values  of  ^FILT  and  ^FILT  output  by  the 
corresponding  integrator  are  the  required  propagated 
position  and  velocity  vectors  of  the  orbi ter.  The 
vector  G NEW  is  a modeled  acceleration  vector  ob" 
tained  according  to  the  specified  flag  settings  and 
corresponding  to  ^_FILT,  V JILT  and  T_CURRENT_FILT. 

5.  The  RENDJ1AV_FLA6  shall  then  be  tested.  This  flag  indicates 
Whether  or  not  it  is  necessary  to  also  propagate  the  state 
vector  of  the  target  vehicle.  While  the  Rendezvous  Navi- 
gation principal  function  is  operative,  this  flag  will 
always  ha\Te  the  value  ON,  and  propagation  .of  the  target 
state  vector  will  be  required. 

Propagation  of  the  target  vehicle  state  vector  shall  be 
achieved  with  the  use  of  the  precision  propagator  sub- 
function.' The  flag  settings  for  the  necessary  calls  to 
the  acceleration  function  shall  be  such  as  to  cause  drag 
to  be  modeled  (drag  mode  flag  set  to  1),  the  mass,  drag 
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coefficient  and  cross-sectional  area  of  the  target  vehicle 
to  be  used  in  the  calculations  are  specified  by  setting 
the  attitude  mode  flag  to  3,  venting  and  uncoupled  thrust- 
ing are  to  be  ignored  (venting  mode  flag  set  to  0),  and 
degree  and  order  flags  for  gravitational  accelerations  are 
to  be  equal  to  those  used  by  the  precision  propagation  for 
the  orbiter  state  advancement.  Values  of  the  target 
vehicle's  position,  velocity,  and  acceleration  vectors  from 
the  previous  cycle  are  needed.  Therefore, 

5.1  Save  the  above  meritioned  vectors  for  use  in  the  current 
cycle: 

GJV_LAST  = LJV 
RJV_LAST 
VJV_LAST  = £1'V  ’ 

5.2  Use  the  precision  propagation  subfunction  to  advance 
the  target  vehicle's  position  and  velocity  vectors 
and  to  obtain  a corresponding  total  acceleration  vec- 
tor (which  coincides  with  the  modeled  acceleration, 
there  being  no  propulsive  devices  in  the  target). 

CALL:  OhORBrrj^^R^^^ 

IN  LIST;  GMJ3EG,  GMJ3RD,  1,  0,  3,  DT, 

GJV,  T_LAST_FILT,  T_CURRENT_fILT 

Om  IISV: 

6.  Save  the  I MU  readings  for  the  next  cycl e.  The  V CURRENT  FILT 
will  only  be  needed  For  the  orbiter  state  propagation,  but 
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the  T_CURRENT_FILT  will  be  used  to  determi ne  the  advance- 
ment interval  for  both  vehicle's  states.  Also,  find  the 
total  acceleration  vector  for  the  orbi ter  (required  for 
covariance  transition  matrix  calculations). 

T_LAST3LT  = TJCURRENT_FILT 
)^ASTJ^ILT  = 

XPl^CC  ^ iJEW  + ^ENS. 

B.  Interface  Requirements 

Input  and  output  parameters  are  to  be  found  in  Tables 
4.3. 2. 5-1  and  4. 3. 2. 5-2  respectively. 

C.  Processing  Requirements 
None. 

D.  Constraints 

The  acceleration  models  task  is  needed  not  only  by  the 
navigation  state  propagation  subfunction  but  also  by  the 
onorbit  precision  state  prediction  principal  function  and 
by  the  user  parameter  state  propagation  subfunction.  Each 
of  these  users  of  the  acceleration  models  shall  set  its 
own  fTags  and  therefore  require  a different  calculation. 
To  protect  against  interference  in  the  acceleration  com- 
putations, it  is  important  that  these  computations  not 
be  interrupted. 

E.  Supplementary  inforniati on. 

A suggested  implementation  of  this  subfunction,  in  the 
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form  of  detailed  flow  diagrams,  may  be  found  in  Appendix 
B: 

ONCRBn_REND_Rjjm^  , • ' 

0N0RBIT_SUPER_e 
ONORBnj’RECISEJ’ROP 
■ . NAV_RENDEZV0US  (IMU  snap  portion) 

ONORBIT  REND_JIASJ\NDuCOV_PROP  (CODE) 


•TABLE  4.3.2. 5-T  RENDEZVOUS  STATE  PROPASATI ON  INPUT  PARAMETERS 


SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Copy  of  ±J.m  CURRENT  TaW  vel  - 
Dcity  counts  reserved  for 
measurement  processing 

V_CURRENT_FILT 

•k  . 

V 

1 ■ ' 1 

' i 

! DP  • 

1 

1- 

1 ' 

}■■  ■ . " , 

j 

i 

Ft/see 

Filter  rate 

MTU  or  clock  time  when  TMU 
was  read 

1 T_CURRENT_FILT 

■ ■ 

F 

DP 

Sec 

i 

Filter  rate 

Angle  of  attack 

ALPHA 

r ^ ' -■  ■ 

F 

DP 

0-2E. 

Rad 

Filter  rate 

Flag  indicating  choice  of 
integrator  for  orbiter  state 
propagation 

PWRD_FLT_NAV 

! . ■ k 

1 .V 

D 

s 

ON, 

OFF 

- 

As  Needed 

Filter  current  orbiter  position 
vector  in  M50  coordinates 

R_FILT 

*5  Rendezvous  state 
• and  covariance  set- 
up. Auto  in-flight 
■ update. . 1 

V 

1 

DP 

Ft 

i 

1 

r 

Filter  rate 

Target  state  vector  in  M50 
coordinates 

iJV 

■ ' 1 

*,  Rendezvous  state 
and  covariance  set- 
up. Auto  in-flight 
update 

V 

DP 

: Ft  ■ 

Filter  rate 

Total  acceleration  (sensed  ■ 
plus  modeled ) of  orbi ter . 

T0T_AGC 

.* 

9 

V-  f 

^ ^ j 

OP 

Ft/sec^ 

Filter  rate 

i 

1 

1 

* Rendezvous  Navigation  Principal  Function  Input  List 
**  Premission  loaded 

***  These  constants  are  listed  and  their  values  given  in  Section  4.8  (I-load  requirement). 
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TABLE  4.3. 2,5-1  RENDEZVOUS  STATE  PROPAGATION  INPUT  PARAMETERS 


ro 

t 

o 


DESCRIPTION 


Acceleration  of  target 
vehicle 

Flag  indicating  if  the 
ci^rent  nav.  phase  is 
a rendezvDus 

Orbi ter  vel o ci ty  vector 


1 arget  velocity  vector 


Angle  of  sideslip 

'■  : : . '■iT  ■■■■ 

Acceleration’ model  re- 
lated constants 


SYMBOL 


G TV 


RENDJiAV 

FLAG 


V FILT 


V TV 


BETA 

'k'k'k 


OUTPUT  DESTINATION 


*5  Rendezvous  state 
prop.  ■ 


*,  Rendezvous  state  ■ 
and  covariance  setup. 

Auto  in-flight  update 

*,  Rendezvous  state 
and  covariance  setup- 

Auto  in-flight  update 


TYPE 


V ■ 


PRECISION 


DP 


DP 


DP 


DP 


RANGE! 


ON, 

OFF 


0-2n 


UNITS 


Ft /sec' 


Ft/ sec 


Ft/sec 


Rad 


SAMPLE 

RATE 


Filter  Rate 


As  needed 


Filter  Rate 


Filter  Rate 


Filter  Rate 


* Rendezvous  Navigation  Principal  Function  Input  List  . 

**  Premission  Load  ' • 

***  These  constants  are  listed  and  their  values  given  in  section  4.8  (I-load  requirements). 


•TABLE  4. 3.2. 5-2  RENDEZVOUS  STATE  PROPAGATION  OUTPUT  PARAMETERS 


DESCRIPTION 

SYMBOL 

OUTPUT  DESTINATION 

TYPE 

PRECISION 

RANGE 

UNITS 

‘COMPUTATION 
|kate  /sec 

Filter  current  orbiter 

R FILT 

* -k-k  • 
5 

' V 

DP 

Ft 

Filter  rate 

1 

position  vector  in  M50 

coordinates 

Target  vehicle  position 

■ R TV'  ' ■'  • V 

V 

I 

Ft 

Filter  rate 

pr  vector 

V,  . 

\ 

'■  Total  acceleration  (sensed 

TOT  ACC 

■ kk  ’ 

V 

DP 

Ft/sec*^ 

> 

'Filter  rate' 

L"  plus  modeled) 

;■  Acceleration  of- target 

£_TV 

■ ■*  \ 

V 

DP 

Ft/secl 

Filter  rate 

) ' ve.hi  cle 

' 

^ Orbiter  velocity  vector 

V_FILT  ■'  i 

* kk 

V 

■ i 

DP 

Ft/sec 

Filter  rate 

ro  . ' - . 

i ■ 

[ ^ Target  vehicle  velocity 

V_TV 

•if  kk 

. ■ ' -1 

'V 

DP 

j 

Ft/sec 

Ftlter  rate 

vector 

: ■ ■■  - 'V  ■ 

• 

ir  • Tims  of  the  filter  state 

T_LAST_FILT 

Rendezvous  nav. 

F 

"DP  • 

Sec 

Fi  1 ter  rate 

vector 

Flag  indicating  IMU 

USEJMUJDATA  : 

* 

D 

- 

ON-OFF 

■ ■ 1 

As  needed 

acceleration  . 

threshold  level 

* Rendezvous  Navigation  Principal'  Function  Output  List 


**•  Rendezvous  Covariance  Propagation 


TABLE  4. 2.5-2  RENDEZVOUS  STATE  PROPAGATION  OUTPUT  PARAMETERS  ( cont ' d) 


DESCRIPTION  1 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Previous  total  acceleration 
of  orbiter 

TOT_ACC_LAST 

icic 

V 

DP 

Ft/sec'^ 

Filter  rate 

Previ Qus  posi ti on  vector 
of  orbiter 

RJlAST 

'kic 

V 

DP 

Ft 

Filter  rate 

r:; 

is  y - ■ 

Previous  velocity  vector  of 
orbiter 

v_last 

V ; 

DP 

■ 

Ft/sec 

Filter  rate 

Previous  acceleration  of 
target  1 \ - 

^TV_LAST 

-kk 

V 

. 

DP 

Ft/sec^ 

Fi 1 ter  rate 

Oj: 

Previous  position  vector 
of  target 

^TV_LAST 

kk. 

V 

. DP 

Ft 

Fi 1 ter  rate 

ro- 

' 1 : 

a>” 

r 

Previbus  velocity  vector 
■ -Of  .target: 

v_tv_last 

kk 

V 

DP 

I 

Ft/sec 

1 ^ 

Filter  rate 

i:  : V 

I v-  ^ 

■ : 

Di fference  between  two  consecu- 
tive times  snapped  from  the 
iiiU 

DT_FILT 

kk 

F 

DP 

Sec 

i ■ 

[ 

Filter  rate' 

Time  of  the  current  state 
vectors 

T_CURRENT_FILT 

kk 

F 

DP 

Sec 

Filter  rate 

Previous  IMU  accumul ated 
sensed  velocity 

v_last_filt 

Rendezvous  Nav. 

V 

DP 

Ft/sec 

Filter  rate 

V*'”i'  ■ 

Difference  between  two  consecu- 
tive accumulated  sensed  vel oci - 
ties  snapped  from  the  IMU 

DV_FILT 

** 

V 

DP 

; i 

i Ft/sec 

t - - ■ - — 

Filter  rate 

**  Hsndezvous  Covariance  Propagation  Subfunction 


4. 3. 2. 6 Covariance  Matrix  Propagation 


The  covariance  matrix  propagation  subfunction  propagates  the 
covariance  matrix  forward  in  time.  The  covariance  matrix  is 
propagated  by  utilizing  the  state  transition  matrix.  Additive 
process  noise  is  incorporated  to  account  for  unmodeled* state 
and  dynamic  errors. 

A.  Detailed  Requirements 

A 19  by  19  covariance  matrix  shall  be  propagated  with 
the  rendezvous  navigation  principal  function.  This 
covariance  matrix  defines  the  uncertainty  in  the  state 
vector,  which  consists  of  position  and  velocity  of  the 
orbiter,  unmodeled  accelerations,  position  and  velocity 
of  the  target,  and  sensor  measurement  biases.  The  method 
of  propagation  is  described  in  Section  4.2.2 

B.  Interface  Requi rements. 

The  input  and  output  data  are  shown  in  Tables  4.3.2.6-1 
and  4.3. 2.6-2. 

C.  Processing  Requirements. 

This  subfunction  will  be  called  after  the  IMU  sensor 
data  have  been  read  and  after  the  state  propagation  sub- 
function has  been  executed. 

D.  Constraints. 

: . :None..  ^ 
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Supplementary  Information 

A possible  implementation  of  this  subfunction  is  shown 
in  the  flow  charts  OMORBIT_REND_BIAS_ANDj:OV_PROP  (CODE), 
PWRD_FLT_COV_PROP  (CODE),  REND_ COV_PROP  (CODE),  MEANJCONIC 
PARTIAL_TRANSlflONJ^ATRIXJX5,  and  rj\NG_6  in  Appendix  B. 
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TABLE  4,32.6-1  RENDEZVOUS  COVARIANCE  PROPAGATION  INPUT  PARAiMETERS 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 
RATE  . 

Interval  over  which 
to  propagate  the 
covariance  matrix 

DT_FILT 

state  propagation 

! F 

! 

i . 

S 

i 

i . 

sec 

1 filter  rate 

1 

Correlation  time  con- 
stants for  body  venti ng 

TAU_VENT 

premission  constant 

V 

S 

sec 

filter  rate 

Variance  of  body  venting 
variables 

VARJ/ENT_DT 

premission  load 

V 

S 

sec^)^ 

filter  rate 

Structural  body  to  M50 
coordinate  transformar 
tion  matrix 

M^SBODY^MSO 

' ■ * 

M 

s 

.1 

i 

; ] 

/sec 

filter  rate 

Drag  accelerati on  co- 
efficient perfect 
error  ’ ^ i 

D COE  PCT 
ERR 

premission  load 

F 

s , 

1 

'''  ■' 

i 

1 

' 

• ■ ■ 1 

filter  rate 

Drag  acceleration  vector 

D 

■ . ' 

state  propagation 

V 

■ 1 

1 

s 

ft/sec 

filter  rate 

Flag  indicating  (ON) 
whether  the  rendezvous 
principal  function  is 
scheduled 

REND-NAV  : 

FLAG  " 

* 

D i 

i 

i 

ON/OFF 

filter  rate 

Rendezvous  Navigation  Principal  Function  Input  List  - 


I ABLE  4,3, 2>  6-1 ; (Continued)  RENDEZVOUS  COVARIANCE  PROPAGATION  INPUT  PARAMETERS 


DESCRIPTION 


Filter  cur rent  shuttl e 
povtion  vector  in 
M50  coordinates 


SYMBOL 


R FTLT 


Filter  current  shuttle  V Fill 
velocity  vector  in 
M50  coordinates 


Gravi ty  accel erati pn 
at  end  of' shuttle  >sta up. 
integratian  interval 

Filter  covariance  matrix 


Flag  indicating  (ON) 
the  desire  to  i nhi b 1 t 
the  processing  of  external 
rneasurernent  data  by  the 
navigation  filter 


TOT  ACC 


PWRD  FLT  NAV 


- - ^ 

INPUT  SOURCE 

TYPE 

PRECISION 

state  propagation 

V 

DP 

state  propagation 

V 

DP 

state  propagation 

V 

DP 

measurement 

incorporation 

M 

DP 

' ■ i 

.L- i 

DP 

UNITS 

SAMPLE  __ 

RATE 

ft 

filter  rate 

filter  rate 

ft/ 

f i 1 ter  rate 

2 

sec 

vary 

f i 1 ter  rate 

f i 1 ter  rate 

* Rendezvous  Navigation  Prinei pal  Function  Input  List 
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r ABLE  4. 3. 2. 6-1  (Continued)  RENDEZVOUS  COVARIANCE  PROPAGATION  INPUT  PARAMETERS 


DESCRIPTION 


Gravitational  constant 
of  the  earth  . y 

Square  root  of  EARTH_MU 

Identity  matrix  (3  x 3)  ■ 

Tolerance  for  succesive 
iterations  in  the 
solution  of  Kepler’s 
equation 

Position  vector  of  shuttle 
at  the  end  of  the  last 
filter  cycle 

Velocity  vector  of  shuttle 
at  the  end  of  the  last 
filter  cycle 

Gravity  acceleration  at 
start  of  shuttle  state 
integration  interval 


SYMBOL 


EARTH-MU 

SQR_EMU  r 

ID-MATRIX 

3X3 

tPS-KEP 


R LAST  . 


V LAST 


TOT -ACC 
LAST 


1 INPUT  SOURCE 


premission  load 

premiss ion  load 

premission  load 
premission  load 

state  propagation 
state  propagation 
state  propagation 


TYPE  PRECISION  RANGE  UNITS  [ SAMPLE 

! DflTC 


(fr/ 

filter  rate 

sec)^ 

3 . 
ft'l/ 
sec 

filter  rate 

filter  rate 

rad 

■ 

filter  rate 

ft 

filter  rate 

ft/sec 

filter  rate 

ft/sec^ 

filter  rate 

Table  4.3.2, 6-r  (continued)  RENDEZVOUS  COVARIANCE  PROPAGATION  INPUT  PARAMETERS  ^ 


DESCRIPTION 

SYMBOL 

OUTPUT  DESTINATION 

TYPE 

1 

1 PRECISION 

'RANGE 

UNITS  1 

1 

r r V D * C 

RATE 

_ ______ — J 

Difference  betv/een 

DV-FILT 

state  propagation 

F 

DP 

ft/ sec 

Filter 'fate 

cccumulated  sensed  IMU ' 

■ 

r-i;: 

readings  on  present 

c^cle  and  previ qus  cycle 

Vari ance  for  pi atf orm 
misalignment  added  as 
process  noise  in  the 

:•  VAFLIMU  • 

align 

i . 

premissio'rf  load 

V 

DP  , 

1 

, i 

rad^ 

Filter  rate 

covariance 

i ■'  p ' 

' ■ ■ i 

Time  tag  of  the  current 
filter  state  vector 

T_LAST^FILT 

state  propagation- 

1 

■i 

• DP 

1 

,j 

sec 

Filter  rate 

Time  of  thePast  IMU 

T_^ALI6N 

premission  load 

F • i 

DP 

sec 

Filter  rate 

CO 

ro 

alignment 

1 

1 

- CO  ' 

E ■■  ■ ■ 
f:';  ■ 

Variance  of  the  platform 
drift  , 

VAfLIMlL 

DRIFT 

premission  load 

V i 

DP, 

rad^ 

Filter  rate 

P-  ■ . ^ 

Accel eromete’^  quant i zati on 

VAR-  ACC 

premission  load 

F 

DP 

nh 

Filter  rate 

K:;:; 

error  variance 

QUANT 

sec2 

Vari ance  of  unmodel ed 

VAR  UNMOD. 

premission  load 

u 

t 

DP 

Filter  rate 

i:  : 

acceleration  times  scale 
time  : : V ’ ‘ ■ 

ACCJ)T 

1 

! .... 

{ . 

1 - 

> 

sec'^ 

DESCRIPTION 


SYMBOL 


Sensor  sneasureinent  bias 

TAU  SENS 

' correlation  time  con- 

^ stdnts 

■ ' ' 

;,v  Sensor  measurenent  bias 

VAR  SENS  DT 

error  variance 

1 hi  Iter  estimated  target 

R TV. LAST 

1 position  at  the  end  of 

P : the  Ta s t f i Iter  cycl e . 

' Filter  estirrated  target 

V TV  LAST 

vel ocity  at  the  end  of 

f'  the  last  filter  cycle. 

1 Gravity  vector  for  the 

^TV_LAST 

> S target  at  the  beginning 

i of  the  last  integration 

jf  interval 

1;  Currant  target  position  | 

R_TV 

in  M5C  coordinates 

Current  target  velocity 

V_TV 

vector  in M50  coordinates 

Target's  gravity  vector 

UV 

; at  the  end  of  the  last 

integration  interval 

TABLE  4. 3.2. 6-2  RENDE2 


DESCRIPTiOH  • SYMBOL 


i-ilter  convariance  matrix  E 


o o 

si 

IS 

§ 't>  V 

ll' 

a £3 


■ COVARIANCE  PROPAGATION  OUTPUT  PARAMETERS 


OUTPUT  DESTINATION 

TYPE 

PRECISION 

' ! 

PJ\NG£ 

i 

UNITS 

SAMPLE 

RATE 

measurement  • 

M 

DP 

i 

! 

vary 

■ ■ 
1 

j 

filter  rate 

incorporation 

■ ■ i 

' 

i 

: ■ t . ' 

' 

. - ■ 

4.3. 2.7  State  and  Covariance  Measurement  Incorporation 

The  state  and  covariance  measurement  incorporation  sub- 
function updates  the  state  vector  and  covariance  matrix, 
v/ith  navigation  data  using  a,  19  state  process  noise  Kalman 
filter. 


A.  Detailed  Requirements 

The  state  and  covariance  measurement  incorporation  sub- 
function  is  exercised  only  if  data  are  available  for 
processing  as  determined  by  the  sensor  measurement 
selection  subfunction  (Section  4. 3.2. 3)  and  the  res- 
pective measurement  sub-functions  (Sections  4.3.2. 7.1 
through  4. 3. 2,7.8) . The  sensor  measurement  selection 
subfunction  determines  which  measurement  types  are  to  ' 
be  considered  -for  processing.  The  measurement  sub- 
functions  process  sensor  data  that  are  labeled  as  valid. 

The  particular  measurement  subfunction  shall  first  compute 
the  estimated  measurement  based  on  the  state  vector  and 
the  measurement  resi dual . The  ffleasurement  subfunction  than 
calculatas  the'  first  partial  derivatiyes  of  the  measurement 
with  respect  to  the  state,  as  well  as  the  appropriate  vari- 
ance to  model  the  uncorrelated  instrument  error.  Rendezvous 
radar  range  and  range  rate,  rendezvous  radar  shaft  and  trunicn 
angles,  COAS  angles,  and  startracker  angles  will  be  available 


for  processing  by  the  rendezvous  navigation  principal 
function. 

Once  a particular  measurement  subfunction  has  completed 
processing  valid  data»  the.  filter  control  flags  shall  be 
set  as  follows: 

Rendezvous  radar  range  and  range  rate 

MANUAL_EDIT_OVERRIDE  = RRDOT_EDrT_OVERRIDE 
STATJLAG  = RRDOTJSTAT 
Rendezvous  radar  shaft  and  trunion 

MANUAL_EDIT_OVERRIDE  - RR_ANGLES_EDIT_OVERRIDE 
STATJLAG  = RRJ\NGLES__STAT 
COAS  angles 

MANUAL_EDIT_OVERRIDE  = C0AS_ANGLES_EDIT_0VERRIDE 
STATJLAG  = COAS_ANGLES_STAT 
■Startracker  angles 

MANUAL_EDITJ3VERRIDE  = ST_ANGLES_EDIT_OVERRIDE 
STATJLAG  = ST_ANGLES_STAT 

The  state  and  eoyariance  nieasufement  incorporation  sub- 
function  shalT  then  update  the  state  and  covariance  jiiatrix 
provided  that  either  the  residual  edit  criterion  is  met  or 
the  crow  edit  override  for  the  particular  sensor  type  is 
active,  as  described  in  section  4,2.4. 

The  following  data  shall  then  be  stored  after  the  particular 
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tneasureinent  type  has  been  processed  for  subsequent  com- 
putation of  measurement  processing  statistics  as  described 
in  sectlLH  4.3.2.8. 

SENSOR_EDITj  = EDIT_FLAG 

SENSOR_RESID_TEST^  = RESIDJEST  . 

SENSORJDELQj  = DELQ 

where 


1 = 1 

for  startracker  horizontal  angle 

1 = 2 

for  startracker  vertical  angle 

I = 1 

for  COAS  horizontal  angle 

I = 2 

for  COAS  vertical  angle 

I = 1 

for  rendezvous  radar  shaft  angle 

I = 2 

for  rendezvous' radar  trunion  angle 

I = 3 

for  rendezvous  radar  range 

I = 4 

for  rendezvous  radar  range  rate 

Interface  Requirements 

The  inputs 

and  outputs  for  this  subfunction  are 

Tables  4.3 

.2.7-1  and  4.3. 2.7-2. 

C.  Processing  Requirements 

This  subfunction  is  not  exercised  until  the  external  data 
snap>  sensor  measurement  selectioOf  state  and  covariance 
matrix  setups  and  state’ and  covariance  matrix  propagation 
subfunctions  have  been  performed',  and  the  measurement  pro- 


cessing  statistics  subfunction  cannot  be  initiated  until 
this  subfunction  is  completed. 

D.  Contraints 

Thene  is  no  requirement  in  the  state  and  covariance  mea- 
surement incorporation  subfunction  to  perform  updating  if 
the  data  validity  flags  indicate  bad  data.  No  manual  over 
ride  of  these  flags  exists  in  this  subfunction.  If  it  is 
desired  to  process  a particular  measureiTient»  the  data 
validity  flag  must  be  made  to  indicate  that  the  data  are 
valid.  , 

E.  Supplenientary  Information  ; 

A suggested  implementation  of  the  state  and  covariance 
measurement  incorporation  subfunction  is  presented  in  the 
flow  charts  of  Appendix  B*  NAVJIENDEZVOUS,  RENDJJAV_JILTER 
and  REND  STATE  AND  COV  UPDATE. 


TABLE  4.3. 2. 7.-1*  - State  and  Covariance  Measurenient  Incorporation  Input  Parameters 


1 DESCRIPTION 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Filter  ctirrent  shuttle 
post tion  vector  in  M50 
coordinates 

R IJILT  • 

state  propagation 

V 

DP 

ft 

Filter 

rate 

Filter  current  shuttle 
velocity  vector  In  M50 
coordinates 

y^_FTLT 

state  propagation 

V 

DP 

ft/sec 

Filter 

rate 

Filter  estimate  of  the 
unmodeled  accelerations 
on  the  orbiter 

VENT  THRUST 
BIAS 

■ 

state  propagation 

: y 

■ 

DP 

. 

ft/sec^ 

Filter 

rate 

; 1 ■ 

Current  target  position 
vector  In  M50  coordinates 

R_TV 

state  propagaiion 

V 

DP 

■ 

Filter 

rate 

ro 

j 

Do 

Current  target  velocity 
vector  in  H50  coordinates 

state  propagation 

V 

DP 

1 - 

1 ■ . , 

ft/sec 

i . ■ ■ 

j ■ 

Filter 

rate 

. . 

The!  f llteri  estimated  : 
sensor  bias  \ 

h ^NS0R_BIAS 

i ■ V 

state  propagatioh 

V 

DP 

. ■ 

VARY 

Filter 

rate 

:■  ■■  J . 

! i 

Fi 1 ter  covarianGe 
matrix : : ■ ; 

i ■ -E!  : T-  : 

Rendezvous 
I covariance 
propagation 

■ M 

DP 

VARY 

Fi 1 ter 

rate 

Measurement  first 
partial s with  respect 
to  filter  state 

i B 

Measurement 

sufafuhetions 

V 

DP 

VARY 

Filter 

rate 

General  sensor  variance 

VAR 

, Measurement  r 
subfunctions 

F 

DP 

i.,..  " ~ ■ i 

Filter 

rate 

TABLE  4.3.2.7>1  (continued)  - State  and  Coyafiance  Measurement  Incorporation  Input  Parameters 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE  / 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

General  measurement 
residual 

DELQ 

Measurenient 

subfunction 

;F 

DP 

ft 

Filter  rate 

■ ! : 

1 ■ 

Scale  factor  on  filter 
mean  square  residual  used 
in  residual  edit  test 

K_RES_EDIT 

Premission 

load 

F- 

DP 

Filter  rate 

L-;  ^ 

Switch  used  (ON)  .to  over-  ^ 
ride  the  automatic  editing 
of  rendezvous  radar  range 
and  range  rate  measurements 

IrRDOT  EDIT 
OVERRIDE 

7'  . ..  , '7'  ■ . ■ 

'■  . ■ ■ ■ ' . ^ ■■  ■■  ■ . ' ■ 

Sensor 
measurement 
selection  ; 

D 

ON  OFF 

■ 

Filter  rate 

■l'  7;^ : 
r ■ i; 

'7  ■ 

Swicch  used  (ON)  to  over- 
ride the  automatic  editing 
of  rendezvous  radar  angles 

RR  ANGLES  EDIT 
OVERRIDE 

Sensor  • 

measurement 

selection 

D 

1 

1 

ON  OFF 

■ , i 

Filter  rate 

• 'r 

i':  , CC 

1 

r 

i 

Switch  used  (OH)  to  over- 
ride the  automatic  editing 
of  startracker  angles  mea- 
surements 

. STJ\NGLESJDIT  ^ 

Sensor 

measurement  ’ 

: s el ecti bn 

;D 

i 

■ ■ 1 

ON  OFF 

Filter  rate 

7 7^ 

f T ; 

Sv/itch  used  (ON)  to  over- 
ride the  automatic  editing 
of  CCAS  angles  measurements 

COAS  ANGLES 
EDIT_OVERRIUE 

Sensor 

measurement; 
selection  ; 

D 

ON  OFF 

■ 

, ■ 

■ :l 

^ , ,, 

Filter  rate 

Switch  used  (ON)  to  in- 
dicate that  rehde.zVQUs 
radar  range  and  rarge  rate 
data  are  to  be  processed 
for  statistics  only 

RRD0T_STAT 

Sensor  7 

measurement 

selection 

i 

1 ' ' . 

! 

D 

ON  OFF 

Filter  rate 
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TABLE  4. 3.2.7-1  (continued)  - Stcite  and  Coveriance  Measurement  Incorporation  Input  Parameters 


DESCRIPTION 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

I 

I UN  ITS 

! 

SAMPLE 

RATE 

Switch  used  (ON)  to  in- 
dicate that  rendezvous 
radar  angles  data  are  to 
bs  processed  for  statistics  • 
only  ■ i 

: RR_ANQLES_STATE  : 

Sensor 

measurement 

selection 

D 

ON  OFF 

t 

Filter  rate 

!'  , , 

h Switch  used  (ON)  to  in- ^ 

dicate  that  startracker 
i:  angles  data  are  to  be 

processed  fcr  statistics 
only  ■■  ■ 

ST_ANGLES_STAT 

Sensor 
measurement 
selection  ■ 

- ■ ' ' ' 1 
V:-;  ,j 

D 

I 

i 

j 

ON  OFF' 

- 

Filter  rate 

js.  Switch  used  (ON)  to  in- 
M dicate  that  COAS  angles  • 
io  data  are  to  be  processed 

CO  for  s tat i s ti cs  only 

. 

COAS  ANGLES 
STAT 

. • y ' ' ' 

Sensor  ' • 

measurement 

selection 

' D; 

ON  OFF 

■ 

Filter  rate 

. »-&<> 


TABLE  4. 3. 2. 7-2;  - State' anci  CovarTance  'Measurement 


DESCRIPTION 

SYMBOL 

OUTPUT  SOURCE 

Fi 1 ter  covariance  matrix  . 

Rendezvous 

Covariance 

propagation 

Filter  current  Shuttle 

R : FILT 

state  propagation 

position  vector;  in  H50 
coordinates  ' 

Shuttle  velocity  vector 

. \r  _FILT 

state _ propagation 

Filter  estimate  of  the 

VENT  THRUST 

state  propagation 

unmodeled  acceleration 

. BIAS 

on  the  orbtter  i 

Current  target  pos i ti on 

R _TV 

state  propagation 

I 

CO 

OD 

vector  in  M50  coordinates 

■ ■ ' i 

Current  target  velocity  ‘ 

vector  in  M50  coordinates 

V TV " ! 

^ — — - 

state  propagation 

The .filter  estimated 
sensor  bias 

SENSOR_BIAS  ' 

state  propagation 

Edit  indicators  for 
measurements 

SENS0R_EDIT 

. * 

Measurement  residuals 

; ^NS0RJ)ELQ 

* . 

Value  of  criterion  used 

• SENSOR  RESID 

* 

i n aav  f i » ter  for  residual 
edit  tests  for  the  sensor 

/ test  : . 

\ 

rcasi'r-smsnts 

li-L— 

Rendezvous  Navigation  Principal  Function  Out  Ltist 


UNITS • 

CCMPUTATION 

RATE 

vary 

Filter  rate 

ft 

Filter  rate 

- 

f t/sec 

Filter  rate 

* 

ft/sec^ 

Filter  rate 

1 

] 

ft 

Filter  rate 

ft/sec 

Filter  fate 

VARY 

1 

1 Filter  rate 

Filter  rate 

• : 

VARY 

Filter  rate 

vary’ 

Filter  rate 

4. 3. 2. 7.1  Rendezvous  Radar  Range 

The  rendezvous  radar  range  measurement  subfunction  computes 
an  estimated  range  from  orbiter  to  target  vehicle,  the  range 
residual,  and  the  range  measurement  partial  vector,  and 
selects  the  proper  variance  to  model  the  uncorrelated  in- 
strument error.  This  subfunctidn  is  performed  only  v^hen 
rendezvous  radar  range  data  are  indicated  valid. 

A.  Detailed  Requirements 

A description  of  the  symbols  used  in  the  following 
equations  may  be  found  in  tables  4, 3. -2. 7. 1-1  and 
4, 3. 2. 7. 1-2. 

First  the  orbiter  state  vector  shall  be  interpolated 
to  the  time  of  the  range  measurement  with  the  use  of 
the  state  vector  interpolation  subfunction  as  des- 
cribed in  section  4.2.3.  The  fol Towing  parameters 
must  be  given  the  va.lues  indicated  before  the  inter- 
polation can  be  exercised. 

= RJ^ 

■ = ^ILT:  r :;r  - ;■ 

= OyjILT 

; : ■ TJIFi=  DT  YILT 
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1 


1 


y ■■  I 


{ 


DTGO  = DELTATJ30 

Next  the  position-velocity  state  transition  submatrix  sub- 
function is  used  to  construct  an  orbiter  patch  transition 
matrix  as  described  in  section  4.2.8  for  use  in  the  mea- 
surement partial  calculations.  The  following  associations 
are  required  prior  to  execution. 

^ONE  = ^FILT 
yjDNE  = y_FILT 
^NE  = TpTJCC 
^TWO  = ^RESID 
y_TW0  = V_kESID 
GJWO  = ^ESID 
DELTIM  = DELTAT_G0 

Then  after  the  mean  conic  partial  subfunction  has  been  per- 
formed: . 

- PHI_PATCK  = PHIJC 

Then  the  target  vector  is  interpolated  to  the  time  of  the 
measurement  as  described  in  section  4.2.3.  • The  following 
parameters  must  be  given  the  values  indicated  befor,e  the 
interpolation  can  be  exercised.  ‘ 
lyiNE  = ^VJ-AST 
. yjDNE 

;^WO;:=  ;:OV/  i • 

where  / 

DELTATJ3Q  = ■ 
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and 


SENSORJD  = 1 
OWO  = y_TV 
]_TW0  ^ T_CURRENT_FILT 
y_IMUJIF  = 0 
T_DIF  = DTJILT 
DTGO  DELTAT_G0 

The  interpolation  is  performed  for  the  target  with  drag 
modeled,  but  not  venting.  The  results  of  the  interpolation 
in  section  4.2.3  are  associated  with  target  vector  para- 
meters as  follows. 

^TVJESID  = RJIESID  * 

V_TV__RESID  -•  V_RESID  ■ 

^TV_RESID  = ^.RESID 

Next  the  position-velocity  state  transition  submatrix 
subfunction  is  used  to  construct  a target  patch  transition 
matrix  as  described  in  section  4.2.8  for  use  in  the  measure- 
ment partials  calculation.  The  following  associations  are 
required  prior  to  execution. 

GJ3NE  G£FV^  ' 

^WO  ==  JTESTD? 
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6_TW0  = ^TV_RESID 
DELTIM  = DELTA  GO 


ihen  after  the  mean  conic  partial  subfunction  has  executedj 
the  resul t i s stored . • 


PHI_REND_PATCH  = PHL_MC 

The  rendezvous  radar  range  measurement  partial  vector  is 
computed  with  the  following  equations. 

^RHO  = ^TV_RESID-^RESrD 
R_RH0_MAG  = |R_RH0l 
I RHO  = ^RH0/R_RH0_MAG  . ' 

B , to  6 = -(PHIJATCH,  3_  i t„  5)^  OHO 
8 10  to  12  “ PHOEND  men  ^ 3 OHO 

^18  ~ 

The  residual  is  then  calculated. 

Q_PRIME  = R_RH0_MAG  + SENSORjlAS^ 

DELQ  = QJlRJlN6-il_PRIME 

Finally  the  filter  gain  vartance  for  the  nieasureraent  is 
computed.. 

VAR  ^ (SIGJIIUING  -I-  SL0PE_SIGJ1R_RNG  lyiHOJiAG')^ 

If  VAR  is  less  than  a premission  determined  nuraber  then  VAR 
is  set  equal  to  that  number, 

B.  Interface  Requireinents 

The  input  and  output  variables  for  the  rendezvous  radar  range 
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measurement  subfunction  are  given  in  tables  4.3.2,7,1-1 
and  4. 3.2. 7. 1-2. 

C.  Processing  Requirements 

This  subfunction  shall  be  performed  after  the  state  and 
covariance  propagation,  at  the  basic  filter  rate.  This 
subfunction  is  performed  as  long  as  rendezvous  radar  range 
measurements  are  being  processed. 

D.  Constraints 
None. 

E.  $upp1 ementary  Information 

A suggested  implementation  of  this  subfunction  is  shown 
in  flow  charts  RR  DOTJiAV,  RENDJiAVJNTERP,  ONnRBIT__SV_INTERP, 
and  MEAN_CONIC_PARTIALJRANSITION_MATRIX_6X6  in  Appendix  B. 
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Filter  current  shutt] e 
position  vector  in  M50 
coordinates 

Filter  current  shuttle 
velocity  vector  in  M50 
:•  coordinates 

Time  tag  for  latest 
navigation  cycle 

Difference  between 
accumul a ted  sensed 
IMb*  readirigs  on  present 
cycle  and  previous 
cycle 

f 

^Cd  _ 

ihe  tifns  interval  of  the 
last  state  and  covariance 
propagation 

r Position  vector  of  the 
shuttle  at  the  end  of 
the  last  filter  cycle 

Velocity  vector  of  the 
shuttle  at  the  end  of 
r,;.  the  last  filter  cycle 

Fi Iter  estimated  target 
position  at  the  end  of 
the  last  fi Iter  cycl e 


R FILT  ■ State  Propagation 

y_FILT  State  Propagation 

T_CURRENT_FILT  State  Propagation 

DV_FILT  State  Propagation 

DT_FILT  State  Propagation 

R LAST  State  Propagation 

V LAST  State  Propagation 

R TV  LAST  State  Propagation 


Measurement  Input  Parameters  • 


V DP 

V DP 

V Dp 

V , DP 

F DP 

V DP 

V Dp 


ft  Filter  rate 

ft/sec  Filter  rate 

sec  Filter  rate 
ft/sec  Filter  rate 

sec  Filter  rate 
ft  Filter  rate 
ft/sec  Filter  rate 


V 


Dp 


ft 


Filter  rate 
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TABLE  4. 3. 2. 7. 1-1.  (continued)  - Rendezvous  Radar  Range  Measurement  Input  Parameters 


DESCRIPTION 


Filter  estimated  target 
position  vector  at  the' 
end  of  the  last  filter  ' 
cycle 

Current  target  position 
vector  in  M50  coordinates 

Current  target  velocity 
vector  in  M50  coordinates 

Target's  gravity  vector 
at  the  end  of  the  last 
i nteg  ra  t i 0 n i n terva  1 

Time  tag  for  the  rende- 
zvous radar  range  and 
range  rate  measurements 

Rendezvous  radar  range 
measurement 

A discrete  indicating  the 
degree  of  the  acceleration 
model  used  ■ 

A discrete  indicating  the 
order  of  the  acceleration 
model  to  be  used 


SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

V_TV_LAST 

State  Propagation 

V 

Dp 

RJV 

State  Propagati on 

V 

DP 

yj’v 

State  Propagation 

V 

DP 

6J-V 

State  Propagation 

V 

DP  _ 

T_REND_RADAR 

i 

external  sensor 
data  snap 

F 

DP  ■ 

' 

Q_RR_RNG 

external  sensor 
data  snap 

F 

DP 

I6D 

state  propagation 

D ' 

■ i 

IGO 

state  propagation 

1 

D 

ft/sec  Filter  rate 

ft  Filter  rate 
ft/ sec  Filter  rate 


ft/ sec  I Filter  rate 


sec  Filter  rate 

ft  Filter  rate 

Filter  rate 

filter  -rate 


TABLE  4>3.2.7J-1.  (continued)  - Rendezvous  Radaf  Range  Measurement  Input  Parameters 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

A flag  indicating  whether 
drag  is  to  be  modeled  in 
the  aGcel eration  cal cu- 
lation 

IDM 

state  propagation 

D 

OJ 

■ 

Filter  rate 

f:y 

A flag  indicating  whether 
venting  is  to  be  modeled 
in  the  aGceleration  equat- • . 

ions 

IVM 

state  propagation 

D 

0,1 

* 

Filter  rate 

CO 

A discrete  indicating  the 
type  of  atmosphere  modeling 
to  be  used  in  the  acceler- 
ation calculations 

lATM 

state  propagation 

D 

* 

Filter  rate 

■ 

2-91 

Total  orb iter  accel eration 

T0T_ACC 

state  propagation 

V 

DP 

ft/sec 

■ Filter  rate 

The  filter  estimated 
sensor  bias 

SENSOR_BIAS 

state  propagation 

V 

1 

DP 

VARY 

Filter  rate 

Gravitational  constant 
of  the  earth 

EARTHJU  I 

premission  load 

F 

DP 

Filter  rate 

Square  root  of  EARTH  MU 

SQR_EMU 

^ ' ■ ■■ 

premission  load 

F 

DP 

• 

ft^/sel 

: Filter  rate 

1 

Tolerance  for  sucqaslve  i 

iterations  in  the  sol-  * 

ution  of  Kepler’s  equation 

EPS_KEP  , 

premission  load 

F 

DP 

rad 

■ 

Filter  rate  ; 

Maximum  time  skev*  between 
the  measurement  time  and 
the  time  of  the  nav  cycle 
before  the  state  is  inter- 
polated to  the  measurement 
time 

EPSJIME 

premiss ion  load 

V 

DP 

sec 

filter  TAte 

1 

1 


TABLE  4.3.2  J.T-1.  (continued)  - Rendezvous  Rada-r  Range  Measurement  Input  Parameters 


DESCRTPTTON 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Flag  indicating  process- 
able  data  from  the  rende- 
zvous radar  range  sensor 

RNGJ)ATA_G00D 

external  sensor 
data  snap 

D 

ON  OFF 

Filter  rate 

1: 

One  sigma  statistic  of 
rendezvous  radar  range 
measurement 

• SIG_RR_RNG 

premission  load 

F 

DP 

ft 

Filter  rate 

pj;- 

i;  ";■ 

p;:  ; 

Rate  of  change  of  rende- 
zvous radar  range  statistic 
W.R.T.  range 

SLOPE_SIG_RR_ 

RNG 

premission  load 

P 

DP 

■ 

unitle! 

ss  Filter  rate 

U - 

' OLr 

Minimum  value  for  comput- 
ation of  rendezvous  radar 
range  variance 

VAR  RR  RNG 
MIF 

premission  load 

F 

DP  : 

1 

! 

f t^ 

Filter  rate 

1 

: lO 

Acceleration  constants 

* Given  in  I-load  requirements  section  4,8 


TABLE  4. 3. 2. 7. 1-2. 


DESCRIPTION 

SYMBOL 

The  navigation  filter 
rreasurenient  residual 

DELQ 

The  measiirement  parti als 

B 

The  general  filter  gain 
variance  for  the  sensors 

VAR 

. ■ . -! 

CO 

\ .>■  /■■■■  L ■; 

CD 

UNITS 

COtAPUTftnoM  _ 

RATE 

ft 

Filter  rate 

VARY 

Filter  rate 

.’vary 

Filter  rate 

■ 

I 


1 


I 


I 


] 


t 


4. 3. 2. 7, 2 Rendezvous  radar  range  rate.  The  rendez- 
vous radar  range  rate  measurement  subfunction  computes  an 
estimated  range  rate  of  the  orbiter  with  respect  to  the 
target  vehicle,  the  range  rate  measurement  residual,  and 
the  range  rate  measurement  partial  vector,  and  selects 
the  proper  variance  to  model  the  uncorrelated -instrument 
error.  This  subfunction  is  performed  only  when  rendez- 
vous radar  range  rate  data  are  indicated  valid. 

A.  Detai 1 ed  Requi remen ts . A description  of  the  symbols  used 
in  the  following  equations  may  be  found  in  tables  4. 3.2.7. 2-1 
and  4.3.2.7.2-2. 

First  the  orbiter  and  target  states  are  interpolated  to 
measurement  time  and  the  orbiter  and  target  transition  matri- 
ces are  calculated  as  described  in  section  4. 3. 2. 7.1  for  the 
range  measurement  with  SENS0R_ID  equal  to  2 instead  of  1. 

•The  rendezvous  radar  range  rate  partial  vector  is  com- 
puted with  the  following  equations: 

lyiDOT  = (yj-yj^EsiD-vjiEsm)  rrhomag  • 

B - I RHO  X (I  RHO  X U ROOT) 

■:  :T.to  ;3-  — : 

• B ' = -B  , / : 

TO  to  12  1 to  3 

B ^ = -IJHO  ; 

4 to  6 

B'  = -B  r : 

10  to  15  4 to  6 

B,  ,,  = PHI  REND  PATCh''^  B 

“ 10  to  15 
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I 


1 


1 
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The  residual  is  then  calculated: 

Q_PRIME  = ^RHO'I^RDOT  + SENSOR  - BIAS^ 

DELQ  = Q_RR_RNG_DOT-Q_PRIME 

Finally  the  filter  gain  variance  for  the  measurement  is 
defined: 

VAR  = VAR_RANGE_DOT 

Bv  Interface  Requirements.  The  input  and  output  varia- 
bles for  the  rendezvous  radar  range  rate  measurement  sub- 
function  are  given  in  tables  4. 3. 2. 7. 2.-1  and  4.3.2.712-2. 

C.  Processing  Requirements.  This  subfunction  shall  be 
performed  after  the  state  and  covariance  propagation,  at 
the  basic  filter  rate.  This  subfunction  is  performed  as 
long  as  rendezvous  radar  range  rate  measurements  are  being 
processed. 

D.  Constraints.  None. 

E.  Supplementary  Information.  A suggested  implementation 
of  this  subfunction  is  shown  in  flow  charts  RR_D0T_NAV, 
RENDJAVJNTERP,  ONORBITJVJNTERP,  and  MEANj:ONIC_PARTIAL 
TRANSITI0N_MATRIX_^X6  in  Appendix  B. 
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Filter  current  shuttl e 
pos 1 ti on  vector  i n M50 
Coordinates 


R FILT 


Filter  current  shuttle 
velocity  vector  in  M50 
coordinates 


V FILT 


Time  tag  for  latest 
navigation  cycle 


T_CURRENT_FILT|  state  propagation 


Difference  between  ac- 
cumulated sensed  IMU 
readings  on  present 
cycle  and  previous 
cycle 


DV  FILT 


The  time  interval  of 
the  last  state  and  co- 
variance  propagation 


DT  FILT 


Position  vector  of  the ■ 
shuttle  at  the  end  of 
the  .last  filter  cycle 


R LAST 


Vel oc i ty  vector  of  the 
shuttl e at  the  end  of 
the  last  filter  cycle 


V LAST 


INPUT  PARAMETERS 


UNITS 

SAMPLE 

RATE 

ft 

filter  rate 

ft/sec 

filter  rate 

sec 

fil ter  rate 

ft/ sec 

f i 1 ter  rate 

1 

sec 

filter  rate 

ft 

filter  rate 

ft/ sec 

filter  rate 

4.3.2-97 


TABLE  4. 3. 2.7. 2-1  - (continued)  RENDEZVOUS  RADAR  RANGE  RATE  MEASUREMENT  INPUT  PARAMETERS 


DESCRIPTION 


SYMBOL 


INPUT  SOURCE 


TYPE  PRECISION  RANGE!  UNITS  SAMPLE 


Filter  estimated  target 
position  at  the  end  of 
the  last  filter  cycle 


Filter  estimated  target 
position  vector  at  the 
end  of  the  last  filter 
cycle' 


Current  target  position 
vector  in  M50  coordinates 


Current  target  velocity 
vector  in  M50  coordinates 


Target’s  gravity  vector 
at  the  end  of  the  last 
integration  interval 


A discrete  indicating 
the  degree  of  the  ac- 
celeration 'model  used. 


A discrete  indicating 
the  order  of  the  ac- 
celeration model  to  be 
used. 


R TV  LAST  state  propagation 


V TV  LAST  i state  propagation 


state  propagation 


state  propagation 


.state  propagation 


state  propagation 


.state  propagation 


til  ter  rate 


filter  rate 


filter  rate 


filter  rate 


filter  rate 


filter  rate 


filter  rate 


TABLE  4.3.2.7.2-T  - (continued)  RENDEZVOUS  RADAR  RANGE  RATE  MEASUREMENT  INPUT  PARAMETERS 


DESCRIPTION 


SYMBOL 


INPUT  SOURCE 


TYPE  PRECISION  RANGE  UNITS  SAMPLE 

RATE 


A flag  indiGating  v-zhether 
drag  is  to  be  modeled  in 
the  accel erati on  cal  eo- 
lation. 


A flag  indicating  whether 
venting  is  to  be  riodeled 
in  the  acceleration  equa- 
tors ' ■ ' . 


state  propagati on 


state  propagation 


i filter  rate 


0-1  L 


filter  rate 


A discrete  indicating  the 
type  of  atmosphere  tiio^ 
del i ng  to  be  used  in  the 
accel  erati  on  cal  ail  at'i  ons 


state  propagation 


filter  rate 


Total  orbiter  acceleration  TOT  ACC 


state  propagation 


2 

ft/ sec  filter  rate 


I he  fil  ter . estima'!  ed 
sensor  bias 


SENSOR_BIAS  state  propagation 


V (4)  DP 


vary  f i 1 ter  rate 


Gravi tational  constant  of  EARTH_MU 
earth  . 


premission  load 


ft  /sec  f i 1 ter  rate 


Square  root  of  EARTHJIU  SQR  EMU 


Tolerance  for  successive 
iterations  in  the  solu- 
tion of  Kepler’s  equation 


EPS  KEP 


premission  load 


premission  load 


ft  /sec  filter  rate 


rad  filter  rate 


TABLE  4.3.2.7.2-V  -j  (continued)  RENDEZVOUS  RADAR  RANSE  RP 


DESCRIPTION 


SYMBOL 


INPUT  SOURCE 


Maximum  time  skew  be- 
tv/een  the  measurement 
time  and  the  time  of 
the  nav  cycle  before 
the  state  is  interpo- 
1 ated  to  jthe  measure- 
ment time. 


Flag  indicating  proces- 
sabTe  data  from  the 
rendezvous  radar  range 
rate  sensor 


Va ri ance  of  rendezvous  i 
radar  range  rate  sensor  I ' 
measurement 


Rendezvous  radar  range 
rate  measurement 


EPSjriME 

■ ■ .V  J . ‘ ' 

premission  load 

; ■ ■ ■ : ■ 

f 

RD0TiDATA_G00D 

Sensor  Data  Snap 

VAR_RANGE_DOT 

premission  load 

Q RR  DOT 

Sensor  Data  Snap 

Accel eration  constants 

* .Given  in  1-1  oad  requirements,  section  .4.8 


■Si 

II 


MEASUREMENT  INPUT  PARAMETERS 
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TABLE  4 . 3 .2.7 . 2-2  - RENDEZVOUS  RADAR  RANSE  RATE  OUTPUT  PARAMETERS 


1DESCRIPTION 


The  navigation  filter 
measurement  residual 


SYMBOL 


OUTPUT  SOURCE 


Measurement 

Incorporation 


PRECISION  RANGE  UNITS  COMPUTATICM 
^ RATE 

DP  ft  filter  rate 


The  measurement  parti als 


Measurement 

Incorporation 


filter  rate 


The  general  f i 1 ter  gain 
variance  for  the  sensors 


Measurement 

Incorporation 


filter  rate 


[ 


4. 3. 2. 7. 3 Rendezvous  Radar*  Shaft  Angle 

The  rendezvous  radar  shaft  angle  measurement  subfunction  cojuputes 
an  estimated  shaft  angle,  the  angle  measurement  residual , and 
selects  the  proper  variance  to  model  the  uncorrelated  instrument 
error. 

A.  Detailed  Requirements 

A description  of  the  symbols  used  in  the  following  equations 
may  be  found  in  tables  4. 3. 7. 3-1  and  4.3. 2. 7.3-2,  This 
subfunction  is  exercised  only  when  rendezvous  radar  angle  data 
are  selected  for  processing  and  are  valid. 

First,  the  orbiter  and  target  states  are  interpolated  to  the 
time  of  the  measurement  and  the  orbiter  and  target  transition 
■ matrices  are  calculated  as  described  in  section  4.3.2.7.1  where 
DELTATJO  = Tj:URRENTJ'ILT-TJ^END^^ 

The  parti als  are  computed  by  the  angle  measurement  parti als 
subfunction  as  described  in  section  4.2.6.  The  parameters  in 
that  common  subfunction  must  be  given  the  following  values  prior 
to  execution: 

M_M50_TO_SENSOR  = MJODYJOJIR 
MJ150_T0_B0DY_RR  • • 

X _N  - MJIBOJOJENSOR^  ^ | 3 

Calculation  of  the  partial  vector  is  completed  by  setting  the 
appropriate  value  in  the  bias  slot  of  that  vector. 

■ ..4.3.2--101 
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Bi=1.0 

The  residual  is  .calculated  as  follows. 

U Jl  = M_M50_T0__SENS0R  UNIT(R  _RH0) 

SHFT  = ARCTAN(U_M2/^J'i)  + BIAS_SENSOR2 
DELQ  = Q_RR_SHFT-SHFT  • 

where  R^_RHO  is  defined  by  the  partial  calculations.  Finally 
the  appropriate  variance  for  the  COAS  horizontal  angle  is 
assigned. 

VAR  = VARJHFT 

B.  Interface  Requirements 

The  input  and  output  variables  for  the  rendezvous  radar  shaft 
angle  subfunction  are  given  in  tables  4. 3. 2.7. 3-1  and  4. 3.2,7. 3-2. 

C.  Pro ces sing  Reg u i reinen ts 

This  subfunction  shall  be  performed  after  the  state  and  co- 
variance  propagation,  at  the  basic  filter  rate.  This  subfunction 
is  performed  as  long  as  rendezvous  radar  angle  measurements  are 
being  processed. 

D.  Constraints 

' 'None.'  . - 

E.  Supplementary  Information 

A suggested  implementation  of  this  subfunction  is  shown  in 

flowcharts  NAV_RENDEZyOUS,  RRJNGLEJAV,  REND JAVJNTERP,  , 

ONORBITJSVJNTERP  and  MEAN_C0NIC__PARTIAL_TRANSITI0NJ1ATRIX_ 

ORIGINAL  PAGE  IS  6X6  in  Appendix  B.  ' 
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TABLE  4.3.2. 7. 3-1  - Rendezvous  Radar  Sheift  Angle  Measuren)ent  I nput  Parameters 


DESCRIPTION 

'■:■■■■■■■■■  : . ■ . . . '.  I 

SYMBOL 

INPUT  SOURCE  . 

TYPE. 

PRECISION  i 

i 

RANGE 

UNITS 

SAMPLE 

RATE 

. ■ ' ■ . ‘ ^ 

Filter  current  shuttle 
position  vector  in  M50 
coordinates 

R_FILT 

state  propagation 

1 

y 

- DP 

■ ' ^ 1 

• ' ' I 

' 

ft 

Filter  rate 

Filter  current  shuttle 
velocity  vector  in  M50 
coordinates 

V_FILT 

state  propagation 

V 

•:  1DP  ^ 

; ! 

ft/sec 

1 

Filter  rate 

Time  iag  for  latest 
navigation  cycle 

T_CURRENT_FILT 

state  propagation 

V 

Dp 

sec 

Filter  rate 

Difference,  between  ac- 
cumulated sensed  IMU  read- 
ings on  present  cycle  and 
previous  cycle 

DV_FILT 

state  propagation 

V 

'j 

■ i 

DP 

ft/sec 

Filter  rate 

The  time  interval  of  the 
last*  state  and  covari- 
ance propagation 

DT_FILT 

state  propagation  ■ 

F 

DP 

sec 

Filter  rate 

Position  vector  of  the 
shuttle  at  the  end  of 
the  last  filter  cycle 

R _LAST 

state  propagation 

V ' 

DP 

ft 

Filter  rate 

Velocity  vector  of  the  • 
shuttle  at  the  end  of  the 
last  filter  cycle 

V _LAST' 

state  propagation 

V 

m 

ft/sec 

Filter  rate 

1 

Filter  estimated  target 
position  at  the  end  of 
the  last  filter  cycle 

R_TV_LAST 

state  propagation 

1 ■ : 

i , : , 

DP 

ft 

Filter  rate 

1 . - ■ ■■  ■ 
i , , 

Fi Iter  estimated  target 
position  vector  at  the 
end  of  the  last  filter 
cycle'  : ' 

Current  target  position 
vector  in  M50  coordinates 


V TV  LAST 


R TV 


Current  target  velocity 
vector  in  M50  coordinates 


V TV 


Target's  gravi ty  vector 
at  the  end  of  the  last 
; integration  interval 

s ^ A discrete  indicating 
f o the  degree  of  the  ac- 
I ceTeration  mddeT  used 


A discrete  i ndi cati ng 
the  order  of  the  ac- 
ceTeration  model  to  be 
used' 


G TV 


A f 1 ag  indicating  whether 
drag  is  to  be  modeled  in 
the  acceleration  cal- 
culation 

A flag  indicating  whether 
venting  is  to  be  model ed 
in  the  acceleration  equa- 
tions 


1)  - Rendezvous  Radar  Shaift  Angle  Measurement  Input  Parameters 

INPUT  SOURCE  TYPE  PRECISION  RANGE  UNITS 

■ 


state  propagation 

state  propagation 
state  propagation 
state  propagation 

state  propagation  j 

state  propagation 


state  propagation 


state  propagation’  • 


PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

DP 

ft/sec 

Filter  rate 

DP 

ft 

Filter  rate 

DP 

■ 

ft/ sec 

Filter  rate 

DP 

ft/sec^ 

Filter  rate 

1 

• 

Filter  rate 

1 

- 

' ■ . 

Filter  rate 

0,1 

- 

Filter  rate 

0,1  . 

Filter  fate 

S0L”2'£'17 


TABLE  4.3.2.7.3-T  - (continued)  - Rendezyoys  R^dar  Shaft  Angle  Measur^ent  Input  Parameters 


k. 


t: 

i ■ 
h 

ii; 

f;', 


I- 


DESCRIPTION  • 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

1 

r—— *■— 

P7\NGE 

UNITS 

SAMPLE 

RATE  — 

A discrete  indicating 
the  type  of  atmosphere 
modeling  to  be  used  in 
the  acceleration  cal- 
culations 

lATM 

state  propagation 

D 

t 

i . , 

i 

Filter  rate 

Total  orbiter  accelera- 
tions  : ' 

TpT_ACC 

state  .propagation 

V 

DP 

ft/sac^ 

i 

Filter  rate 

The  filter  estimated 
sensor  bias 

SENSOR_BIAS 

state  propagation 

V 

DP 

1 VARY 

1 

1 

Filter  rate  — 

Gravitational  constant 
of  the  earth 

EARTHJiU 

premission  load 

F 

DP 

(ft^/sec; 

Filter  rate 

Square  root  of  EARTH_MU  • 

SQRJMU 

premission  load 

F 

DP 

ft^/sec 

Filter  rate 

Tolerance  for  succesi ve 
i terations  in  the  sol u-  • 

tion  of  Kepler's  equation 

EPSJCEP  1 

premiss ion  load 

F 

DP 

rad 

Filter  rate 

Maximum  time  skew  between 
the  measurement  time  and 
the  time  of  the  nav  cycle 
before  the  state  is  inter- 
polated to  the  measurement 
time 

EPS_TIME 

premission  load 

; T ; 1 

’ ; ' ■ ^ ^ i 

. ' ' ' . ' , ■ ''  . , ' 

F 

DP 

sec 

Filter  rate 

Flag  indicating  process- 
able  data  from  the  rende- 
zvous radar  angle  sensor 

RR  ANGLE  DATA 
_600D 

external  sensor 
data  snap 

i 

D 

ON, OFF 

Filter  rate 
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TABLE  4.3. 2. 7. 3-1  - (continued)  - Rendezvous  Radar  Shaft  Angle  Measurement  Input  parameters 


DESCRIPTION 

SYMBOL  . 

INPUT  SOURCE 

TYPE 

PRECrSION 

> RANGE 

UNITS 

’ SAMPLE 
RATE 

Variance  of  the  rendezvous 
radar  shaft  measurement 

VAR_SHFT 

premission  load 

j ' ■ ■ ' 

F 

! ' 

DP 

rad“ 

Filter  rate 

Time  tag  for  the  rende- 
zvous radar  measurements 

T_REND_RADAR 

i- 

external  sensor 
data  snap 

F 

DP 

sec 

Filter  rate 

The  rendezvous  radar 
shaft  measurement 

Q_RR_SHFT 

external  sensor 
data  snap 

F 

DP 

.rad 

Filter  rate 

M50  to  body’ transfor- 
mation matrix  at  the  time 
the  rendezvous  radar  data 
ms  snapped^  . 

M M50  TO  BODY 
_RR 

external  sensor 
data  snap 

M 

: : "V 

: ■ 1 

■ : 1 

Filter  rate 

Body  to  rendezvous  radar 
transformation  matrix  ' 

M_B0DY_T0_RR 

premission  load 

M 

DP 

Filter  rate 

Acceleration  constants 

* . 

* Given  in  I-load  requirements  section  4.8 


TABLE  4. 3. 2. 7. 3-2.  - Rendezvous  Radar  Shaft  Angle  f^easurement  Output  parameters 


DESCRIPTION 

SYMBOL 

OUTPUT  DESTINAri ON 

TYPE 

PRECISION 

range! 

UNITS 

CCM?UT{\T\OH 

R.ATE 

The  nay 1 gati on  f IT  ter 
measurement  residual 

DELQ  V 

- Measurement. 

. Incorporation 

F j 

DP  ' 

1 

■ j 

ft 

FIT  ter  rate 

b 

F ; ; ' 

The  measurement  partials 

. i 

Measurement 
' Incorporation 

V- 

DP 

VARY  ■ 

Filter  rate 

f ■■  ■■■■ 

The  general  filter  gain 
variance  for  the  sensors 

VAR 

Measurement 

Incorporation 

F 

DP 

VARY 

Filter  rate 

.pH 

CO  - 

ff 

I\0 

1 

t 

,T  ’ /TT 

• T . ■ ' 

•'  ’ . ' : ■ ■ ; . : 

i^:-  'o  " 
: . » 

— I.„  ...J 

\ 


o o 

si 

Q ^ 


tel 


HrI 


r I j i 


4. 3.2. 7. 4 Rendezvous  Radar  Trunion  Angle 

The  rendezvous  radair  trunion  angle  measurement  subfunction 
computes  an  estimated  trunion  angle,  the  angle  measurement 
residual,  and  the  trunion  angle  partial  vector,  and  selects 
the  proper  variance  to  model  the  uncorrelated  instrument  error. 

A.  Detailed  Requirements 

A description  of  the  symbols  used  in  the  following  equations 
• may  be  found  in  tables  4. 3. 2. 7. 4-1  and  4.3. 2.7. 4-2.  This 
subfunction  is  exercised  only  when  rendezvous  radar  angle 
data  are  selected  for  processing  and  are  valid. 

First,  the  orbiter  and  target  states  are  interpolated  to 
the  time  of  the  measurement  and  the  orbiter  and  target 
transition  matrices  are  calculated  as  described  in  section 
4. 3. 2. 7.1  where 

DELTA1J30  = TJURRENTJ-ILTrOENDJ^ADAR 

The  parti als  are  computed  by  the  angle  measurement  partial s 

subfunction  as  described  in  section  4.2.6.  The  parameters  in 

that  common  subfunction  must  be  given  the  following  values 

prior  to  execution: 

M„M50J0JSENS0R  = M_B0DY_T0J<R 
M_M50_T0J0DY_RR 

and 

I J = UNIT  (R  _TV_RESID_R  _RESID)  X MJ150 J0_SENS0R, 
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where  R _TV_RESID  and  R _RESID  are  the  result  of  the  inter 
polatiop  of  the  target  and  the  orbiter  respectiveTy. 


Calculation  of  the  partial  vector,  is  completed  by  setting 
the  appropriate  value  in  the  bias  slot  of  that  vector. 


The  residual  is  calculated  as  follows. 

U J = MJ150_T0_SENS0R  UNIT  (R  _RH0) 

TRUN  - ARCSIN  (UJ3)  + BIAS_SENS0R2 

DELQ  = Q_RR_TRUN-TRUN  — 

where  R _RH0  is  defined  by  the  partial  calculations. 
Finally  the  appropriate  variance  for  the  trunion  angle  is 
assigned. 

VAR  = VARJRUN 

B. '  Interface  RequireiTients 

The  input  and  output  yanables  for  the  rendezvous  radar 
trunion  angle  subfunction  are  given  in  tabl es  4 .3 ,2.7 ,4-1 
•'  and  4,=2.f,X4-'2. 

C,  Proceg^lng  Requirements  ■ . * 

This  subfunction  shall  be  performed  after  the  state  and 
covariance  propagation,  at  the  basic  filter  rate, 
subf uncti on  is  perf ortiied  as  long  as  rendezvous  radar  angle 
measurements  are  being  processed, ' 
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D.  Constraints 
None. 

E.  Supplementary  Information 

A suggested  implementation'  of  this  subfunction  is  shown 
in  flow  charts  NAV_RENDEZVOUS,  RR_ANGLE_NAV , REND_NAV'_ 
INTERP,  ONORBIT_SVJNTERP  and  MEAN_C0NIC_PARTIALJRANSI 
TI0N_MATRIXJX6  in  Appendix  B. 
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Table  Raclar  Trunipn  Angle  Measurement  Input  Parameters 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

[ 

1 SAMPLE 

1 RATE 

Filter  ieurrent  shuttle 
position  vector  in  M50 
coordinates 

R JILT 

state  propagation 

V 

DP 

ft 

Filter  rate 

P- 

Fflter  current  shuttle 
velocity  vector  in  M50 
coordinates 

■ V _FILT 

state  propagation 

■ -V 

1 

DP 

ft/sec 

Filter  rate 

Time  tag  for  latest 
navigation  cycle 

T_CURRENT_FILT 

state  propagation 

• K 

DP 

sec 

Filter  rate 

i;>  ■ : . 

jpco 
; ro 

:■  f 

Difference  between  ac- 
cumulated sensed  IMU 
readings  on  present  ' 

cycle  and  previous 
cycle  . • • ■ 

DV_FILT 

state  propagation 

V 

DP 

ft/sec 

Filter  rate 

li.; 

t ■ ■ 

■ 

The  time  i nterval  of 
the  laist,  state  and 
covariance  propagation 

DTJILT 

state  propagation  ' 

F 

DP 

. 

sec 

Filter  rate 

Position  vector  of  the 
shuttle  at  the  end  of 
the  last  filter  cycle 

R J.AST 

state  propagation 

V 

DP 

ft 

Filter  rate 

, 'i , : 
;:  ! 

Velocity  vector  of  the 
shuttle  at  the  end  of  the 
last  filter  cycle 

V__LAST 

state  propagation 

V 

op. 

ft/sec 

Filter  rate 

s 

Filter  estimated  target 
position  at  the  end  of 
the  last  filter  cycle 

R _TV_LAST 

state  propagation 

V ■ 

DP 

ft 

Filter  rate 

Table  4. 3. 2. 7. 4-1.  (continued)  - Rendezyoys  Radar  Trunion  Angle  MeasurejT]ent  Input  Parameters 


DESCRIPTION 

SYMBOL 

I INPUT  SOURCE  ■ 

TYPE 

PRECISION 

1 

RANGE 

1 

UNITS 

SAMPLE 

RATE 

Filter  estimated  target 
position  vector  at  the 
end  of  the  last  fiTter 
cycle 

V „TVJLAST 

i:.  ' 

state  propagation 

1 V 

DP 

ft/sec 

Filter  rate 

Current  target  position 
vector  i n M50  coordinates 

R _TV 

state  propagation 

V 

DP 

1 

ft 

Filter  rate 

Current  target  velocity 
vector  in  M50  coordi nates 

V _TV 

state  propagati on 

V 

DP  ‘ 

ft/sec 

Filter  rate 

Target’s  gravity  vector 
at  the  end  of  the  last 
integration  interval 

G _TV 

i state  propagati on 

1 ■ ■ 

1 ■ . ■ . 

V 

DP 

ft/sec^ 

Filter  rate 

A discrete  indicating  the’ 
degree  of  the  acceleration 
model  used 

IGD 

state  propagation 

,D 

Filter  rats 

A discrete  indicating  the 
order  of  the  acceleration 
model  to  be  used 

IGO 

State  propagation 

D 

Filter  rate 

A flag  indicating  whether 
drag  is  to  be  modeled  in 
the  acceleration  calcula- 
tion 

IDM 

state  propagation 

D 

Filter  rate 

A flag  indicating  whether 
venting  is  to  be  model ed 
in  the  acceleration  equa- 
tions 

IVM 

■■  ■■  1 

state  propagation 

D 

OJ 

I 

V 

Filter  rate 

ORIGINAL  PAGE  IS 
OP  POOR  QUALITY 


Table  4.3.2.7;4-l;  (continued)  - Rendezvous  Radaf  Truni on  Angle  Measurement  Input  Parameters 


ro 

I ■ 


:f  DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

RANGE 

UNITS 

SAMPLE 

RATE 

A discrete  indicating  the 
type  of  atmosphere  modeling 
to  be  used  in  the  acceler- 

lATM 

state  propagation 

D 

■ 

Filter  rate 

ation  calculations 

/ 

Total  orbiter  acceleration 

TpT_AGC \ , 

state  propagati on 

.'V  - 

••■■dp 

’ 

ft/sec^ 

Filter  rate 

The  filter. estimated  sensor 

SENSORBIAS 

state  propagation- . ’ 

■■  V > 

DP 

•• 

VARY 

Fi  1 ter  rate 

bias  ' 

• 

Gravitational  constant 
of  the  earth 

EARTH_MU’ 

. premission  load  . 

• 

• F 

, bp  ■ 

(ft^/sec 

Filter  rate 

Square  root  of  EARTH_MU 

SQRJMU 

premission  load 

F 

DP 

ft^/sec 

Filter  rate 

lolerance  for  .succeslve 
iterations  in  the  solution 
of  Kepler's  equation 

EPS_KEP 

premission  load 

■ i ' ' ' •:  ■'  ::  i 

F 

DP 

'■ ' ' i 

rad 

Filter  rate 

Maximum  time  s kev/  between 
■ the  measurement  time  and 

EPSJIME 

premission  load  . 

■V-:, 

DP 

sec 

Filter  rate 

the  time  of  the  nav  cycle 
before  the  state  is  inter- 
polated to  the  measurement 
time 

Flag  indicating  processable 
data  from  the  rendezvous 
radar  angle  sensor  " 

RR  ANGLE  DATA  ‘ 
JSOOD 

external  sensor 
data  snap  ^ 

D 

ON, OFF 

Filter  rate 

Table  4.3v2.7.4-l'.  (d  - Rendezvous  Radar  Trun1  on  Angle  Measurenent  Input  Parapieters 


1 ■ ■ DESCRIPTION 

SYMBOL 

! 

INPUT  SOURCE 

TYPE 

PRECISION 

[range 

UNITS 

SAMPLE 

RATE 

Variance  of  tile  rendezvous 
radar  trunion  measurement 

VARJRUN 

premission  load 

■ F 

DP 

rad^ 

Filter  rate 

Time  tag  for  the  rendezvous 
radar  measurements 

i T rend'  RADAR  ■ 

i:v f ; -i: 

externaT  sensor 
data  snap 

F 

•DP 

sec 

j 

Filter  rate 

The  rendezvous  radar  tru-  , 

nion  measurement  : 

: Q__RRJ'RUN 

external  sensor 
data  snap 

F 

DP 

rad 

: -i 

Filter  rate 

M50  to  body  transformation 
mavrlx  at  the  time  the 
renc"“vous  radar  data  was 
snapped 

MJ50jr0J0DY_RR 

■1 'V; -V  i 

external  sensor . 
data  snap 

M 

DP 

Filter  rate 

j Body  to  rendezvous  radar 
s transfonnatlon  matrix  • • 

M_B0DY J0_RR 

Premission  load 

M 

DP 

Filter  rate 

1 Acceleration  constants 

1;  . 

f ■ ' ■ ' ' 

^ ■ . 

* Given  in  I-load  requirements  section  4.8 


DESCRIPTION 

SYMBOL 

OUTPUT  SOURCE 

The  navigation  filter 

Measurement 

measurement  residual 

Incorporation 

The  measurement  partials 

■ :B  V-  ::  '-T- ^ ^ ' 

Measurement 

Incorporation 

ji  The  general  filter  gain 

VAR 

Measurement 

variance  for  the  sensors 

Incorporation 

' ■ 1 

. ■ ' ■ 1 ■ ■ 

OO-  . ■ 

K-  ; ; y » : V;:  \ ■ : r-  ■ v 

;■  J t ^ ^ 

! -T  . : ‘.VV. 

U'J 


e Measureigent. Output  Parameters 


4.3,2.7.5  - Startracker  horizontal  angle.  The  star- 
tracker  horizontal  angle  nieasureinent  subfunction  computes 
an  estimated  horizontal  startracker  angle,  the  angle 
measurement  residual,  and  the  horizontal  angle  partials, 
and  selects  the  proper  variance  to  model  the  uncorrelated 
instrument  error.  ■ 

A.  Deta i 1 ed  Requi remen ts . A description  of  the  symbols 
used  in  the  following  equations  may  be  found  in  tables 
4. 3. 2. 7. 5-1  and  4.3.2. 7.5-2.  This  subfunction  is  exer- 
cised only  when  startracker  data  are  selected  are  valid. 

First,  the  orbiter  and  target  states  are  interpolated 
to  the  time  of  the  measurement.  The  partials  are  computed 
by  the  angle  measurement  and  the  orbiter  and  target  tran- 
sition matrices  are  calculated  as  described  in  section 
4. 3. 2. 7.1  where 

DELTAIJSO  = Tj:URRENTJ^ILT-TJTA^ 

The  partials  are  computed  by  the  angle  measurement  par- 
tials subfunction  as  described  in  section  4,2.6.  The 
parameters  in  that  common  subfunction  must  be  given  the 
following  values  prior  to  execution: 
lyiSO^O^ENSOR  = MJ0DY_T0_JST 

■ : iji  = ^ 

1,1  to  3 
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Calculation  of  the  partials  is  completed  by  setting  the 
appropriate  value  in  the  bias  slot  of  the  partial  vector. 

The  residual  is  calculated  as  follows: 

= M_M50__T0JSENS0R  UNIT(R_RH0) 

HORIZ  = ARCTAN  (UM  /UM  ) + BIAS  SENSOR 

2 3 2 

DELQ  =,  QJ-yiORlZHUORIZ 

Where  R RHO  is  defined  by  the  partial  calculation.  Finany 
the  appropriate  variance  for  the  startrack  horizontal  angle 
is  assigned 

VAR  = VAItSlJiORIZ 

B.  Interface  Requirements.  The  input  and  output  variables 
for  the  startracker  horizontal  angle  subfunction  are  given 
in  tables  4.3.2.7.5-1  and  4. 3. 2.7. 5-2. 

C.  Processing  Requirements . This  subfunction  shal 1 be  . 
performed  after  the  state  and  covari ance  propagati on , at  the 
basic  filter  rate.  This  subfunction  is  performed  as  long  as 
startracker  measurements  are  being  processed. 

D.  Constraints.  None. 

E . Supplementary  Information.  A s.uggested  impl ementat ion 
of  this  subfunction  is  shown  in  flowchart  NAV_RENDEZVOUSj 
ANGLEJIAV , RENDJIAVJ  NTERP » ONORBIT^SVJMTERP,  and  MEAN_ 

CON  I C_P  ART  I ALJTRANS  IT  I ONJiATR  I X__6  X 6 in  Appendix  B.  - 
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TABLE  4. 3. 2. 7. 5.-1  - STAPsTP/iCKER  HORIZONTAL  ANGLE  MEASUREMENT  INPUT  PARAMETERS 


DESCRIPTION 


Filter  current  shuttle 
position  vector  in  M50 
coordinates 


Filter  current  shuttle 
velocity  vector  in  M50 
coordinates 


Time  tag  for  latest  navi- 
gation cycl es 


Difference  -betv/een  ac- 
cumulated sensed  IMU 
readings  on  present  cy- 
cle 'and  previous  cycle 


The  time  interval  of  the 
las t state  and  Goyarlance 
propagation 


Posi t1 on  - vector  of  the 
shuttle  at  the  end  of 
the  last  filter  cycle 


Vel ocity  vector  of  the 
shuttl e at  the  end  of 
the  last  filter  cycl e 


SYMBOL 


R FILT 


V FILT 


T_CURRENT 
FILT  ■ 


DV  FILT 


DT  FILT 


R LAST 


V LAST 


INPUT  SOURCE 


state  propagation 


state  propagation 


state  propagation 


state  propagation 


state  propagation 


state  propagation 


state  propagation 


TYPE 


PRECISION 


DP 


OP 


DP 


DP 


DP 


OP 


DP 


RANGB 


UNITS 


ft 


SAMPLE 

RATE 


filter  rate 


ft/sec 


sec 


ft/ sec 


sec 


ft 


filter  rate 


filter  rate 


filter  rate 


filter  rate 


filter  rate 


ft/sec  If  1 1 ter  rate 


TABLE  4.3.2.7,5-l  - (Continued)  STARTI^CKER  HORIZONTAL.  ANGLE  MEASUREMENT  INPUT  PARAMETERS 


DESCRIPTION 


Filter  estimated  target 
position  at  the  end  of 
the  last  filter  cycle 


Filter  estimated  target 
position  vector  at  the 
end  of  the  last  filter 
cycl  e 


Current  target  position 
vector  in  H50  coordinates 


Current  target  vel oci ty 
vector  in  M50  coordinates 


Target' s gravity  vector 
at  the  end  of  the  last 
i ntegrati on  i nterval 


A discrete  indicating 
degree  of  the  accelera- 
tion model  used . 


A discrete. indicating  the 
order  of  the  acceleration 
model  00  be  used. 


SYMBOL 


INPUT  SOURCE 


TYPE  PRECISION  RANGl 


R TV  LAST  I state  propagation 


V TV  LAST  state  propagation 


state  propagation 
state  propagation 
state  propagation 

■state  propagati on 

state  propagation 


UNITS 

SAMPLE 

RATE  _ 

ft 

filter  rate 

ft/ sec 

filter  rate 

ft 

filter  rate 

ft/ sec 

filter  rate  — 

2 

ft/sec 

filter  rate 

— 

filter  rate 

filter  rate 

i 
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TABLE  4. 3. 2. 7. 5-1  - (Continued)  STARTRACKER  HORIZONTAL  ANGLE  MEASUREMENT  INPUT  PARAMETERS 


TABLE  4. 3. 2. 7. 5 -1-  (Continued)  STARTRA.CKER  HORIZONTAL  ANGLE  MEASUREMENT  INPUT  PARAMETERS 


TABLE  4 . 3 . 2 . 7 .5-1  >■  (Continued) 


STARTRACKER  HORIZONTAL  ANGLE  MEASUREMENT  INPUT  PARAMETERS 


OESCRIPTION  ^ ^ ^ 

SYMBOL 

INPUT  SOURCE 

! 

TYPE 

PRECISION 

RANGE 

] 

UNITS 

1 

SAMPLE 

RATE 

Body  to  startracker"^^  ^^  ^^^^^  ^^^^ 
1,  transf ormati  on  matrix 

M BODY  TO 

t;  ■ ; ST  ; , : - ^ 

Premission  load 

M 

DP 

— 

— 

filter  rate 

K-  ' '■ 

j Index  indicating  which  i 

i startracker  is  being 

[ used 

f'-.  • ■:  : ■ 

NSiyN^^^ 

external  data  snap 

D 

1 

i 

— 

— 

filter  rate 

..  ■'  , ' ■ 

i Acceleration  constants 

i;;  ■ 

. 1 

% 

1 

1 

* Given  in  I-load  requirements,  section  4.8. 


TABLE  ,4. 3. 2. 7.1  - 2 - RENDEZVOUS  RADAR  RANGE  MEASUREMENT  OUTPUT  PARAMETERS 


DESCRIPTION 

SYMBOL 

OUTPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

I 

UNITS 

CCMPUTATICM 

RATE 

The  navi gati on  filter- 

1 DELQ 

, ■ 

Measurement 

i 

F 

DP 

ft 

filter  rate  ■ 

: measureniGnt  residual 

Incorporation 

♦ 

The  measurement  parti als 

k : : 

Measurement 

V(l3) 

DP 

vary 

filter  rate 

i"  ■ i 

1 : 

Incorporation 

, i 

1 

, 

• 

The  gerieral  fii ter  gain 

■ ■ - ' ' i 

VAR 

Measurement 

! 

F 

DP  • 

j 

vary 

filter  rate 

i variance  for  the  sensors^ 

Incorporation  ■ i 

! 

1 

1 

i 

i 

CO 

ro 


4, 3.2. 7. 6 Startracker  Vertical  Angle 


The  startracker  vertical  angle  measurement  subfunction  computes 
an  estimated  vertical  startracker  angle,  the  angle  measurement 
residual,  and  the  vertical  angle  partials,  and  selects  the 
proper  variance  to  model  the  uncorrelated  instrument  error. 


Detailed  Requirements 

A description  of  the  symbols  used  in  the  following  equations 
may  be  found  in  tables  4. 3. 2. 7. 6-1  and  4. 3. 2. 7. 6-2.  This  sub- 
function is  exercised  only  when  startracker  data  are  selected 
and  are  valid. 


First,  the  orbiter  and  target  states  are  interpolated  to  the 
time  of  the  measurement  and  the  orbiter  and  target  transition 
matrices  are  calculated  as  described  in  section  4. 3. 2, 7.1  where 

DELTATJ30  = TjDURRENTJ'IiTJMSTAR^^ 

The  partials  are  computed  by  the* angle  -measurement  partials 
subfunction  as  described  in  section  4.2.6.  The  parameters 
in  that  common  subfunction  must  be  given  the  following  values 
prior  to  execution. 

MJ50_T0_SENS0R  = M_B0DYJ0_^T,^  ST  IN  USE*^^^- — 


I N = M M50  TO  SENSOR 


2,  1 to  3 


Calculation  of  tile  partials  is  completed  by  setting  the  ap- 
propriate value  in  the  bias  slot  of  the  partial  vector.  . 


..  4.3.2-124. 


\ I . i 4 . . . ■ f : : : ; 


B,5=1.0  , 

The  residual  is  calculated  as  follows. 

U _M  = MJ50_T0_SENS0R  UNi;f(R_RH0) 

VERT  = ARCTAN  (UJ^/U_M3)  + BIAS_SENSOR^ 

DELQ  = QJ5T_VERT-VERT 

where  ^_RH0  is  defined  by  the, partial  calculation.  Finally 
the  appropriate  variance  for  the  startracker  vertical  angle, 
is  assigned 

VAR  ^ VARJTJERT 

B.  Interface  ReQuirements 

The  input  and  output  variables  for  the  startracker  vertical 
angle  subfunction  are  given  in  tables  4. 3. 2. 7. 6-1  and  4.3. 2. 7. 6-2. 

C.  Processing  Requi rements  • 

This  subfunction  shall  be  performed  after  the  state  and  covariance 
propagation,  at  the  basic  filter  rate.  This  subfunction  is  per- 
formed as  long  as  startracker  measurements  are  being  processed.  • 

D.  Constraints 

None.-  , ; . " ■ ' ’ 1,,;';'" 

Supplementary  Inf ormati on  . 

A suggested  impTementation  of  this  subfunction  is  shown  in^ : 
flowcharts  NAV^ENDEZVOUS,  ANROA  > REND JAV JNTERP,  ONORBIT.^ 
SV^NTERP,  and  MEAN_C0NICJ’ARTIALJRANSITI0NJ1ATR1^  in 
Appendix  B.  , 
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TABLE  4. 3. 2. 7. 6-1  - Startracker  Vertical  Angie  Measurement  Input  parameters 


DESCRIPTION 


SYMBOL 


INPUT  SOURCE 


TYPE  IpRECISICN  i RANGE  UNITS  I SAMPLE 


Filter  current  shuttle  R.  _FILT 

position  vector  in  M50 

coordinates 

Filter  current  ^ _FILT 

ysToci ty  vector  in  M50 

coordinates 


state  propagation 


I state  propagation 


DV  FILT 


Time  tag  for  latest 
navi ga’ti on  cycle 

Di fference  between  ac- 
cumulated sensed  IMU 
readings  on  present 
cycle  and  previous  cycl e 


The  time  interval  of  the  DT_FILT 

last,  state  and  covariance  , ' 
propagation 

Position  vector  of  the 
shuttle  at  the  end  of  the 
last  filter  cycle 

Velocity  vector  of  the  V^  _LAST 

shuttle  at  the  end  of  • . 

the  last  filter  cycle 

Filter  estimated  target  F _JV_LAST 

position  at  the  end  of 
the  last  filter  cycle 


T_CURRENT_FILT  , state  propagation 


state  propagation 


state  propagation 


state  propagation 


state  propagation 


state  propagation 


Filter  rate 


ft/sec  Filter  rate 


Filter  rate 


ft/sec  Filter  rate 


Filter  rate 


Filter  rate 


ft/ sec  Filter  rate 


Filter  rate 


4.3.2-127 


'Oft 


Op’ 


TABLE  4. 3. 2. 7. 6-1  (continued)  - Startracker  Ven  Angle  Mo^surenient  Jnput  Parameters 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

j TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Filter  estimated  target 
position  vector  at  the 

V _TV_LAST 

state  propagation , 

■ V • 

■ ■ DP 

ft/sec 

Filter  rate 

endof  the  last  filter 
cvde  ■ 

■ ■■■':*  ■ A ■ ■ ■ 

■ , 

Current  target  position 
vector  in  M50  coordinates 

i _jv  . 

state  propagation 

■ V. 

DP 

ft 

Filter  rate 

Curren.t  target  velocity 

V TV  ^ ^ : 

state  propagation 

V 

DP 

ft/sec 

Filter  rate 

vector  in  M50  coordinates 

Target! s gravity  vector 
at  the  end  of  the  last 

6 JV  :■  ;.1 

state  propagati on 

V 

DP 

ft/sec^ 

Filter  rate 

integration  interval 

A discrete,  indicating  ’ • 

the  degree  of ’the  ac- 

state propagati  on 

D ^ 

Filter  rate 

celeration  model  used 

1 ■ 

A discrete  indiGating 
the  order  of  the  ac-  1 

celeration  model  to  be 
used  : ■ 

: ":r- V IGO  ’ l l 

state  propagation 

D 

!■ 

I 

[ ' ■ 

i 

f 

i'  ■ ^ ' 

1 

Filter  rate 

A flag  indicating  whether 
drag  is  to  be  modeled 

state  propagation 

D 

0 1 

1 

J 

Filter  rate 

in  the  acceleration  ■ 
calcul ation'  : 

A flag  indicating  whether 
ven ti ng  is  to : be ; model ed 
in  the  acceleration  | 

equations  1 

IVM  i 

;V-  1 

state  propagation 

D 

i 

1 

0 1 

! 

i 

Filter  rate 

m-z 


TABLE  4. 3. 2. 7. 6-1  (continued)  - Startrackef  'Vertical  Angle  Measurement  Input  Parameters 


DESCRIPTION 


A discrete  indicating-  the 
type  of  atmosphere  modeling 
to  be  used  in  the  accelera- 
tion calculations 

Total  orbitsr  acceleration 

The  filter  estimated 
sensor' bias 

Gravitational  constant 
of  the  earth 

Square  root  of  EARTH_MU 

Tolerance  for  succesive 
iterations  in  the  solution 
of  Kepler's  equation 

Maximum  time  skew  between 
the  measurement  time  and 
the  time  of  the  nav  cycle 
before  the  state  is  inter- 
polated to  the  measurement 
time 

FI ag  i ndi cati ng  processabl e 
data  fv-’orn  the  startracker 
measurement 

Variance  of  startracker 
vertical  measurement 


SYMBOL 


TOT  Ace 


^NSORJIAS 
EARTH  MU 


SQR_EMU 
EPS  KEP 


EPS  TIME 


ST  DATA  GOOD 


VAR  ST  VERT 


INPUT  SOURCE 


state  propagation 


state  propagation 


state  propagation 
preffiission  load 


pretnisslon  load 
premission  load 


premission  load 


TYPE  PRECISION  RANGE  UNITS  SAMPLE 

RATE 


External  sensor 
data  snap 


premission  load 


Filter  rate 


ft/sec^i  Filter  rate 


VARY  j Filter  rate 
(ft^/sec)^  Filter  rate 


ftvsec  Filter  rate 
rad  I Filter  rate 


Filter  rate 


Filter  rate 


rad  I Filter  rate 


TABLE  4 . 3 , 2 , 7 . 6-1  (conti nued ) StartracHsr  Vert'5 ca'i  Angle  Measurement  Input  Parameters 


' ■ ■ ■ — - — J 

DESCRIPTION  I 

I t ■ ■ ■ 

r . 

I SYMBOL  I 

I i 

1 

INPUT  SOURCE 

■ I 

TYPE  ! 

t- 

I — - — — ^ 

PRECISION 

m 

SAMPLE 

RATE 

1 

Startracker  vertical  . j 

measurement  I 

QJTJERT 

. 

external  sensor 
data  snap  : 

i 

f ■ i 

■I 

■ i 

. ■ : • . 1 

DP 

\ 

rad  j 

■ ■ i 

Filter 

rate 

Time  tag  for  ‘startracker  j 
measurement  • j 

T_STAR_TRACKER  ; 

• 'externaT  sensor  , 
data  snap 

V . 

DP 

sec 

Filter 

rate 

1^;.: 

M50  to  body  transformation  | 
matrix  at  the  time  the 
startracker  data  v/as 
snapped 

M_M50_T0_B0DY_ST 

j 

premission'  load  • ' 

M : 

: DP  - 

Filter 

rate 

■ ■■■■  ■■  I 

Body  to  startracker 
transformation  matrix  I 

M_B0DY_T0_ST 

premission  load 

;:M 

DP 

Filter 

rate 

ro 

Its 

tro 

Index  indicating which,  | 

startracker  is,  being  ’ ’-i 

used  . ■ ; 

N_ST_INJJSE 

external  data  j 

snap  'V,'  't  ' J 

oV 

DP 

I , 

i 

i 

Filter 

rate 

i.z- 

Acceleration  constants 

. • .''.ft  V' 

I , ' 
I'./' 

1 

* Given  in  I-lqad  requirements  section  4,8 


FABLE  4.3.2. 7. 6-2  - Startracker  Vertical  Angle  Measurement  Output  Parameters 


DESCRIPTION 

SYMBOL 

OUTPUT  SOURCE 

The  navigation  filter' 
measurement  residual 

DELQ 

Measurement 

Incorporation 

The  measurement’ partial s • | 

■ 

B 

Measurement 

Incorporation 

I The  geperai  filter  gain  . 

i variance  for  the  sensors 

; VAR  - 

■Measurement 

Incorporation. 

TYPE  PRECISION  I RANGE  UNITS  COMPUTATICM 

\PJK1Z 


4.3. 2. 7. 7 COAS  Horizontal  Angle. 

The  CO AS  horizontal  angle  measurement  subfunction  computes 
an  estimated  horizontal  COAS  angle,  the  angle  measurement 
residual,  and  the  horizontal  angle  partial  vector,  and  , 
selects  the  proper  variance  to  model  the  uncorrelated  in- 
strument error. 

A.  Detailed  Requirements. 

A description  of  the  symbols  used  in  the  following 
equations  may  be  found  in  tables  4. 3..2.7.7-1  and  4. 3. 2.7. 7-2. 
This  subfunction  is  exercised  only  when  COAS  data  are  selected 
and  are  valid. 

First,  the  orbiter  and  target  are  interpolated  to  the 
time  of  the  measurement  and  the  orbiter  and  target  transition 
roatrices  are  calculated  as  described  in  section  4. 3. 2. 7.1 
where  :■  ■ ■ : 

DFLTAT_G0  = T_CURRENT_FILT  - T_C0AS 
The  parti als  are  computed  by  the  angle  measurement  partial s 
subfunction  as  described  in  section  4.2.6.  The  parameters 
in  that  common  siibfunction  must  be -given  the  following 
values  prior  to  execution. 

• MJ150_T0_SENS0R  = M„B0DY_J0j:0ASj^ 

= M_M50_T0_SENS0R,  ^ ^ 3 
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r ■ 


Calculation  of  the  partial  vector  is  completed  by  setting 
the  appropriate  value  in  the  bias  slot  of  that  vector. 

- 1.0 

The  residual  is  calculated  as  f ol 1 ows . 

U_M  = Mji50_T0_SENS0R  UNIT  (R_RH0) 

HORIZ  = mcim  + BIAS_SENS0R2 

DELQ  = Q_C0AS_H0RIZ-H0RIZ 

where  R RHO  is  defined  by  the  partial  calculations. 

Finally  the  appropriate  variance  for  the  COAS  horizontal 
angle  is  assigned. 

VAR  = VAR_C0AS_H0RIZ  ‘ 

B.  Interface  Requirements.  The  input  and  output  varia- 

bles for  the  COAS  horizontal  angle  subfunction  are  given 
in  tables  4.3.E.7.7-1  and  4.3.2.7.7-Z.  ^ 

C.  Processing  Requirements . This  subfunction  shal 1 be 
performed  after  the  state  and  covariance  propagation,  at 
the  basic  filter  rate.  This  subfunction  is  performed  as 
long  as  COAS  measurements  are  being  processed. 

D.  Constraints.  None.  ‘ 

E.  Suppl  ementary  Inf ormati on.  A suggested  inipl  enientation 
of  this  subfunction  is  shown  in  flowcharts  NAV_^RENDEZVOUS, 
ANGLiyiAV,  RENDJiA\rJNTERP,  ONORBIT^VJNTERP  and  MEA 
CONI C_PARTI AL_TRANS ITI 0NJ1ATRI X_6X6  .in  Appendi x B . 
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INPUT  PARAMETERS 


TABLE  4. 3, 2. 7, 7-1-  (continued)  COAS  HORIZONTAL  ANGiLE  MEASUREMENT  INPUT  PARAMETERS  ^ 


DESCRIPTION 


fSYMBOL 


INPUT  SOURCE 


TYPE  PRECISION  RANGE  UNITS  SAMPLE 

• RATE 


Pi 1 ter  esti mated  target 
position  at  the  end  of 
the  last  filter  cycle 


R TV  LAST  state  propagation 


ft  filter  rate 


Fi 1 ter  estimated  target 
position  vector  at  the 
end  0 V the  last  fil ter 
cycle 


V TV  LAST  state  propagation 


ft/ sec  filter  rate 


Current  target  posi tion 
vector  i n M50  coordinates 


state  propagation 


ft  fil ter  rate 


Current  target  vel ocity 
vector  in  M50  coordinates 


state  propagation 


ft/ sec  filter  rate 


Target' s gravi ty  vector 
at  the  end  of  the  last 
i ntegrati on  interval 


.G  TV 


state  propagation 


ft/sec  f i'l  ter  rate 


A di screte  i ndicating 
the  degree,  of  the  ac- 
celeration model  used. 


V.IGD 


state  propagation 


f i 1 ter  rate 


A di screte  indicating  the  I GO 

order  of  the  acceleration 
model  to  be  used  » 


state  propagation 


filter  rate 


S£t-2*e 


TABLE  4, 3.2.7. 7-i  - {Conti nuefJ)COAS  HORIZONTAL  ANGLE  MEASUREMENT  INPUT  PARAMETERS 


DESCRIPTION 


SYMBOL 


INPUT  SOURCE 


TYPE  PRECISION  RANGE  UNITS  SAMPLE 

RATE 


A flag  indicating  whether 
drag  is  to  be  modeled  in 
the  acceleration  calcu- 
lation 


state  propagation 


filter  rate 


A flag  indicating  whether 
venting  is  to  be  modeled 
in  the  acceleration  equa- 
tions . 


state  propagation 


filter  rate 


; ;«=•  A discrete  indicating  the 
type  of  atmosphere  modeling 
to  be  used  in  the  accelera- 
tion calculation 


state  propagation 


filter  rate 


Total  orbiter  acceleration 


TOT  ACC 


.state  propagation 


ft/sed  filter  rate 


The  filter  estimated  sen- 
sor bias 


SENSOR_BIAS  state  propagation 


varji  filter  rate 


^j:j^y|^^^^onal  constant  premission  load 


^^vsed  filter  rate 


Square  root  of'EARTH_MU 


SQR  EMU 


premission  load 


Ft  /sed  filter  rate 


z-m 


TABLE  4.3. 2. 7. 7-1  - (Continued)  COAS  HORIZONTAL  ANGLE  MEASUREMENT  INPUT  PARAMETERS 


DESCRIPTION 


SYMBOL 


INPUT  SOURCE 


TYPE  PRECISION  RANGEl  UNITS  SAMPLE 

' RATE 


Tol erance  for  successive 
i terations  in  the  sol ution 
of  Kepler's  equation 


EPS  KEP 


premission  load 


rad  Ifilter  rate 


Maximum  time  skew  between 
the  measurement  time  and 
the  time  of  the  nav  cycle 
before  the  state  is  inter- 
polated to  the  measurement 
time 


EPS_TIME  premission  load 


sec  filter  rate 


lo  Flag  indicating  processable  COASJDAT/V 
' data  from  the  COAS  sensor  - GOOD 


external  sensor 
data  snap 


ON/DFF 


filter  rate 


[-  Var i arice  of  the  COAS  hori - 
I zontal  measurement 


•VAR  COAS 
HORIZ  • ■ 


i.  premission  load 


rad  filter  rate 


Time  tag  for  the  COAS 
measurements 


T COAS 


external  data  snap 


sec  ifilter  rate 


The  COAS  horizontal 
measurement 


Q COAS  HORia  external  data  snap 


rad  filter  rate 


M50  to  body  transformati on 
matri x at  the  time  the 
COAS  data  was  snapped 


M_M50_T0_  external  data  snap 
BODY  COAS 


filter  rate 


ORIGINAL  PAGE  IS  • 
OP  POOR  QUALin: 
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TABLE  4.3.2 J.7tl  (continued)  COAS  HORIZONTAL  ANGLE  MEASUREMENT  INPUT  PARAMETERS 


I;  DESCRIPTIGN 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

: Body  to  COAS  transforma- 

p tion  matrix  ; 

I^ODYjrOjCOAS 

pretnission  load 

M 

DP 

; Index  indicating 

!■  COAS  is  being  used 

NJlOASJiHJSE 

external  data,  snap  . 

' ' ' *■  ' . • ' ' 

D 

OP 

Acceleration  constants 

__ — — — , - , I 

1 

TABLE  4. 3. 2. 7. 7- 

■1  - COAS  HORIZONTAL  ANGLE  MEASUREMENT 

1 DESCRIPTION 

SYMBOL 

OUTPUT  SOURCE 

The  navigation  filter  ‘ 

V DELQ 

Measurement-  ■ 

i;  measurement  residual 

1..  ■'  ■ ■ 

Incorporation 

i The  measurement  partial s 

B 

Measurement 

! 

I 

Incorporation  . 

V- 

|;,  The  gen&ral  filter  gain 

VAR 

Measurement 

' yarianee  for  the  sensors 

■'  ■ ■ '■  "i-  ' 

to 

T . ■ ■ V 

to 

P ,i 

i-  i ■■  ■'  ^ ^ ; ;.| 

^ 1 
\ ^ ^ ■ 

OUTPUT  PARAMETERS 


TYPE 

PRECISION 

RANGE 

UNITS 

KOMPUTATICM  | 

RUTE  I 

4. 3.2. 7. 8 COAS  vertical  angle.  The  COAS  vertical  angle  measure- 
ment subfunction  computes  an  estimated  vertical  COAS  angle,  the  angle 
measurement  residual,  and  the  vertical  angle  partial  vector,  and 
selects  the  proper  variance  to  model  the  uncorrelated  instrument  error. 

A.  Detai 1 ed  Requirements . A description  of  the  symbols  used  in  the 
following  equations  may  be  found  in  tables  4.3. 2. 7. 8-1  and  4. 3.2. 7.8-2. 
This  subfunction  is  exercised  only  when  COAS  data  are  selected  and 
are  valid. 

First,  the  orbiter  and  target  are  interpolated  to  the  time  of  the 
measurement  and  the  orbiter  and  target  transition  matrices  are 
calculated  as  described  in  section  4. 3. 2. 7.1  where 
DELTATJ30  = T_CURRENT_FILT  - T_C0AS 
The  partials  are  computed  by  the  angle  measurement  partials  sub- 
function as  described  in  section  4.2.6.  The  parameters  in  that  common 
subfunction  must  be  given  the  following  values  prior  to  exeGution: 

M M50  TO  SENSOR  = M BODY  TO  COAS 
“ - - - - - n_COAS_INJJSE  - 

MM50^TO^ODY_COAS 

I N M M50  TO  SENSOR  • 

~ “ “ ” 2,1  to  3 

Calculation  of  the  partial  vector  is  completed  by  setting 
the  appropriate  value  in  the  bias  slot  of  that  vector. 

B = 1.0  " 

The  residual  is  calculated  as  follows: 


s 


DELQ  » Q_COAS_VERT-VERT 

where  R RHO  is  defined  by  the  partial  calculation. 

Finally  the  appropriate  variance  for  the  COAS  vertical 
angle  is  assigned, 

VAR  = VAR_COASJERT 

B.  Interface  Requi rernents . The  input  and  output  varia- 
bles for  the  COAS  vertical  angle  subfunction  are  given  in 
tables  4. 3. 2. 7.8-1  and  4. 3. 2. 7, 8-2. 

C.  Processing  Requirements.  This  subfunction  shall  be 
performed  after  the  state  and  covariance  propagation,  at 
the  basic  filter  rate.  This  subfunction  is  performed  as 
long  as  COAS  measurements  are  being  processed. 

D.  Constraints.  None. 

E.  Suppl ementary  Information . A suggested  implementation 
of  th.is  subfunction  is  shown  in  flowcharts  NAV_RENDEZVOUS, 
ANGLEJAV,  RENDJAVJNTERP , ONORBIT_SV_INTERP.  and  MEAN_ 
CONICJART1AL_TRANSITION  MATRIX_6x6  in  APPENDIX  B. 
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TABLE  4. 3 .2.7 .8-1  - COA^  VERTICAL  A 


DESCRIPTION  M • SYMBOL 


Filter  current  shuttle  R FILT 

position  vector  in  iM50 
coordinates 


f Filter  current  shuttle  V FILT 

velocity  vector  in  M50 
1 coo>:di  nates 


Time  tag  for  latest  TJCU RRENT_F I LT 

navigation  cycle 


Difference  between  ac-  ' Dy_FILT 

cumulated  sensed  IMU 

readings  on  present  ' 

cycle  and  previous 

cycle  : -f':  ’ V r:':-!  1^-1'  ^ 


The  time  interval  of  DTJFILT 

the  last  state  and  co- 
variance  propagation 

Position  vector  of  the  R LAST 

shuttle  at  the  end  of  ' 

the  last  filter  cycle 
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table  4.3, 2.7.8  -1  - (Continued)  CGAS  VERTICAL  ANGLE- MEASUREMENT  INPUT  PARAMETERS 


DESCRIPTION 


SYMBOL 


’ r • - r 4 ty  vector  of ■ the 
shuttle  at  1:116  end  of 


t he  last  f 1 1 ter  eye 1 e 


Filter  estimated  target 
position  at  the  end  of  the 
last  filter  eyele 


Filter  estimated  target 
position  veetor  at  Lhc 
end  of  the  last  fi-lter 
cycl  e ■ - Vy:  ^ V;:  ; 


Current  target  position 
veetor  in  M50  eoordi- 


nates 


Current  target  velocity 
vector  in  M50  coordi- 
nates 


Target -s -gravity  vector 
at  the  end  of  the  last 
integration  interval 


A di screte  i ndi eating 
the  degree  of  the  ac- 
celeration model  used. 


V LAST 


R TV  LAST 


V TV  LAST 


R TV 


V TV 


G TV 


IGD 


INPUT  SOURCE 


State  propagation 


state  propagation 


state  propagation 


state  propagation 


state  propagation 


state  propagation 


state  propagation 


TYPE 


V 


PRECISION 


DP 


OP 


DP 


DP 


DP 


DP 


RANGd 


UNITS 


ft/sec 


ft 


ft/sec 


ft 


ft/ sec 


ft/ sec 


SAMPLE 

RATE 


filter  rate 


filter  rate 


filter  rate 


filter  rate 


filter  rate 


f i 1 ter  rate 


filter  rate 


TABLE  4.3.2.7;8-i  - (Continued)  COAS  VERTICAL  ANGLE 


i description 

SYMBOL 

. INPUT  SOURCE 

TYPE 

PRECISION 

RANGE, 

UNITS 

SAMPLE 

RATE 

O Q 

s 

o ^ 

Square  root  of  EARTH 
MU  . : 

S0R_EMU 

premission  load 

F 

DP 

— 

ft^/sec 

filter  rate 

■ g t? 

s >> 

^ M 

Tolerance  for  successive 
iterations  in  the  sol u- 

EPS_KEP 

premission  load 

F 

DP 

— 

rad 

filter  rate 

: 

tion  of  Kepi er Vs  equati on 

. ■ O 

Maxi mum  ti me  skew  between 

l'  : 

1 ■ 

EPS  TIME 

premission  load 

V 

DP 

i 

1 

sec 

filter  rate 

the  measurement  time  and  • 
the  time  of  the  nav  cycle 

before  the  state  is  inter- 

- 

CO 

polated  .to  the  measurement 

ro 

time.  : ; • • 

■,'y'  ""  >■' 

■■■  _JS.. 

' ■ . ' ' . 

Flag  indicating • processable 

C0AS_DATA_G00D 

external  sensor 

■ D 

ON/OFF 

filter  rate 

data'  from  the  COAS  sensor 

TT  ; TV 

data  snap 

I 

Variance  of  the  COAS  ver- 

VAR_C0AS_VERT 

premission  load  • 

F 

DP 

2 

rad 

filter  rate 

tical  measurement 

• 

Time  tag  for  the  COAS 

TJGOAS 

external  data  snap  • 

F 

DP 

sec 

filter  rate 

measurements 

■ 

The  COAS  vertical  measure- 

Q_COAS_VERT 

external  data  snap 

F 

DP 

rad 

filter  rate 

ment 

TABLE  4.3.2,7.8-T  - (Continued)  COAS  VERTICAL  ANGLE  MEASUREMENT  INPUT  PARAMETERS 


' DESCRIPTm^^ 

i ' ^ 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE  - 

RATE  

M50  to  body  transforma- 
: tion  matrix  at  the  time 

the  COAS  data  v/as  snapped 

M M50T0  BODY 
COAS  ’ 

external  data  snap 

i-f-  ' f.-- ■ 

1;' 

,'Lm 

1: ' ■■ 

; 

DP 

— 

— 

f i 1 ter  rate 

i : 

Body  to  COAS  transforma- 
tion matrix 

M_B0DY_T0_ 

COAS 

preniission  load 

' .d,  : ■ 1 

" M 

DP 

— 

f i 1 ter  rate 

Index  i hdicati ng  v/hi  ch 
COAS  is  being  used. 

Acceleration  constants 

■ CO 

N GOAS_INJJSE 

external  data  snap 

*■  ’ 

' ' ' 1 
1 

D ■ 1 

. . ■ 

DP 

■ ■ .1 

. ■ ■ 1 

— 

filter  rate 

* Given  in  I-load  requirements,  section  4.8 


,3.2. 7. 8-1  - COAS  VERTICAL  ANGLE  MEASUREMENT  OUTPUT  PARAMETERS 


OESCRIPTION 

SYMBOL 

OUTPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

The  navigation 
measurement  residual 

DELQ, 

: ■ 

Measurement 

Incorporation- 

f 

DP 

— 

ft 

[ The  measurement  partials 

B ■ 

Measurement 
Incorporation  ^ 

V 

1 

■J 

DP 

i 

1 

■ ; ' 

vary 

Mr;  :>a;  ; ■■  ■ ' ' Tr  . . ■ i 

M The  general  filter  gain 

■'  variance  for  the  sensors 

VAR 

Measurement 

Incorporation 

F 

DP 

■ ! 

vary 

filter  rate 


filter  rate 


filter  rate 


I 


4. 3. 2.8  Measurement  Processing  Statistics 


During  rendezvous  navigation  phases  that  utilize  external  measure- 
ments, the  measurement  processing  statistics  subfunction  will  compute 
for  display  certain  parameters  that  are  indicative  of  the  condition  of 
the  navigation  filter  and  the  external  sensor  measurements  that  it 
utilizes.  These  display  parameters  serve  as  the  basis  for  the  crew 
decision  as  to  how  external  measurement  data  is  to  be  processed 
by  the  nav  filter.  Three  mutually  exclusive  controls  are  available 
to  the  crew  which  allow  them  to  select  one  of  the  following  process- 
ing options: 

(1)  AUTO  - the  nav  filter  edit  criterion  will  determine 
whether  or  not  valid  data  are  to  be  used  to  update  the 
state  vector  and  covariance  matrix, 

(2)  INHIBIT  - valid  data  are  to  be  utilized  for  computing 
display  parameters  but  are  not  to  be  utilized  to  update 
the  state  vector  and  covariance  matrix. 

(3)  FORCE  - the  nav  filter  edit  criterion  is  to  be  over- 

ridden and  valid  data  are  to  be  utilized  to  update  the 
state  vector  and  covariance  matrix  whether  or  not  the 
edit  eriterion  is  ^ 

The  INHIBIT  option  will  initially  be  in  effect. 

The  measurement  processing  statistics 'subfunction  v/i  11  be  performed 
after  the  corresponding  state  and  Covariance  measurement  incorporation 
subf uncti on  has  been  performed . Fil ter-  edit  indicators , whi ch  wi IT 
have  been  initial i zed  to  a def a u 1 1 value  during  the  Gorrespondi ng 
1 sensor  measyrement  seleGtion  subfunction,  will  be  redefined  during  ’ 
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the  performance  of  the  state  and  covariance  measurement  incorpora- 
tion subfunction.  This  will  indicate  to  the  measurement  processing 
statistics  subfunction,  for  each  measurement  type  being  utiilized, 
which  of  the  following  five  cases  has  occurred: 

(1)  edit  indicator  = OFF  - the  filter  was  not  configured  for 
the  measurement  type,  or  the  data  were  bad  and  the  filter 
did  not  attempt  to  process  data  of  that  type, 

(2)  edit  indicator  - ON  - the  filter  did  attempt  to  process 
the  measurement  type  but  automatically  edited  the  data, 

(3)  edit  indicator  = PROCESSED  - the  filter  processed  the 
measurement  type  as  a result  of  the  data  satisfying  the 
edit  criterion, 

(4)  edit  indicator  = STAT  - the  filter  was  used  solely  for 
producing  the  residual  and  ratio  parameters  for  dis- 
play, or 

(5)  edit  indicator  = FORCED  - the  filter  processed  the  data 
as  a result  of  a crew  edit  override. 

Moreover,  the  state  and  covariance  measurement  incorporation  sub- 
function will  provide  the  measurement  processing  statistics  subfunc- 
tion with  the  value  of  each  measurement  residual  and  the  square  of 
each  residual  edit  criterion  value.  The  data  supplied  to  the  measure- 
ment processing  statistics  subfunctioh  are  used  to  compute  statistics 
for  the  sensor  measurement  type  selected. 


For  each  measurement  type,  the  following  parameters  are  to  be  coraputed 
for  display  to  show  how  well  the  navigation  filter  is  processing  ex- 
ternal measurements  of  that  particular  type.:. 


1 


s 


1 


DISP__DELQj  - the  actual  measurement  residual  computed  by  the 
nav  filter  for  the  I'th  measurement  type.  If  valid  data  were 
not  presented  to  the  nav  filter,  then  DISP_DELQj  shall  be  set 
to  "BLANK"  in  accordance  with  display  requirements. 

DISP_SIGj  - the  edit  ratio  for  the  I'th  measurement  type,  which 
is  the  absolute  magnitude  of  the  actual  measurement  residual 
divided  by  the  maximum  magnitude  that  the  residual  may  attain 
before  automatic  data  editing  by  the  filter  occurs.  As  above, 
DISP_SI6j  shall  be  set  to  "BLANK"  vjhenever  valid  data  for  this 
measurement  type  was  not  presented  to  the  fil ter. 

N_ACCEPTj  - the  number  of  data  marks  for  the  I'th  measurement 
type,  which  have  been  used  to  update  the  nav  state  vector. 

N_REJECTj  - the  number  of  data  marks  for  the  I ' th  measurement 
type  which  have  been  automatically  rejected  as  a result  of 
failing  the  nav  filter  edit  criterion. 

DISP_EDITj  - the  status  indicator  which  shall  be  displayed 
as  a "BLANK"  unless  the  nav  filter  has  edited  a predetermined 
number  of  sequential  data  marks  for  the  I'th  type.  In  this 
case,  the  status  indicator  shall  be  displayed  as  the  symbol , 

" 4-" . Once  set,  the  down  arrow  symbol  shal  1 conti nue  to  be 
displayed  until  a predetermined  number  of  sequential  data 
marks  have  been  automatically  processed  by  the  nav  filter  or 
until  the  crew  exercises  the  edit  override  (FORCE) . 

The  accept/ reject  counters  are  initialized  to  zero  whenever  the 
rendezvous  navigation  major  mode  is  entered'  '(MMZll ) , whenever  the 
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onorbit  coast  major  mode  1s  entered  (MM201),  whenever  the  sensor 
type  is  changed,  or  whenever  a ground  state  update  occurs. 

Sensor  data  will  consist  of  two  types  - angular  data  and  range  data. 
The  angular  data  will  consist  of  a pair  of  angles  from  one  of  three 
mutually  exclusive  sources;  COAS,  star  tracker  (ST)  or  rendezvous 
radar  (RR),  The  range  data  will  consist  of  range  and  range  rate 
from  the  rendezvous  radar.  Angular  data,  from  whichever  source 
has  been  chosen,  can  be  utilized  in  conjunction  with  range  data. 

A.  Detailed  Requirements.  - The  correspondence  between  the  measure 
merit  type  and  the  subscript,  I,  shall  be  as  follov/s: 

1=1  - COAS  horizontal  angle,  ST  horizontal  angle  or 
RR  shaft  angle 

1=  2 - COAS  vertical  angle,  ST  vertical  angle  or 
RR  trunnion  angle 
I = 3 - RR  range 
I = 4 - RR  range  rate 

For  each  value  of  the  integer  I in  the  interval  (1,  4),  the 
following  procedure  will  be  performed. 

The  indicator  SEWSOR_EDITj  shall  be  tested;  and  if  found  to 
have  the  value  "OFF",  both  DISP_DELQ|  and  DISP__SIGj  shall  be 
given  the  value  "BLANK"  and  the  calculations  shall  cease  at 
this- point.  If  the  value  tested  is  not  "OFF",  then  DISP__DELQj 
shall  be  given  the  value  SENSQR_DELQj  and  DISPJSIGj  shall  be 
calculated  according  to 

ABS(SENSOR_DELQj) 

DISP  SIG.  = , 

^ ( SENSOR _RESID  JESTj ) ' ' ^ 
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provided  that  SENSOR_RESID_TESTj  is  positive. 

The  SENSOR_EDITj  indicator  shall  again  be  tested;  and  if  found 
to  have  the  value  "STAT",  DISP_EDITj  shall  be  given  the  value 
"BLANK"  and  the  calculations  shall  cease  at  this  point. 

If  the  value  is  not  "STAT",  the  SENSOR_EDITj  indicator  shall  . 
be  tested  again,  and  if  found  to  have  the  value  "ON",'  the 
sequential  accept  counter  shall  be  set  to  zero  (SEQ_ACCEPTj  = 0), 
the  sequential  reject  counter  shall  be  incremented  by  one 
(SEQ_REJECTj=  SEQJREJECTj+1 ) , and  the  counter  for  the  number 
of  marks  rejected  by  the  nav  filter  shall  be  incremented  by 
one  (N_REJECTj=N__REJECTj+l ) . Then  SEQ_REJECT,  is  to  be  tested 
and,  if  found  to  exceed  a predetermined  number  (REJ_MAX), 

DlSP_EDITj  shall  be  set  to  "V. 

If  the  value  for  SENSOR_EDITj  was  not  "ON",  the  sequential  reject 
counter  shall  be  set  to  zero  (SEQ__REJECTj=0) , the  sequential 
accept  counter  shall  be  incremented  by  one  (SEQ_ACCEPTj-SEQ__ACGEPTj+l) 
and  the  counter  for  the  number  of  marks  processed  by  the  nav 
filter  shall  be  incremented  by  one  (N_ACCEPTj-N_ACCEPTj+l). 

Finally  DISP_EDITj  is  to  be  given  the  value  "BLANK"  whenever 
SENSOIODITi  has  a value  of  "FORGED",  or  whenever  SE(iAGC£PTj 
exceeds  a predetermined  number  (AGGJ»1IN) . 

Interface  Requirements . Input  and  output  parameters  are  1 is ted 
in  tables  4.3.2 .8-1  and  4.3.2. 8-2. 

Process i ng  Regui remen ts.  None 

Gonstraints.  None 


t 


E.  Supplementary  Information.  A suggested  implementation  for  this 
subfunction  may  be  found  in  the  detailed  flov/  chart  of  Appendix 
B entitled:  MEAS_PROCESSrNG_STATISTICS_REND. 
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TABLE  4 . 3.2. 8-1 : MEASUREMENT 


DESCRIPTION  SYMBOL 

Measurement  residual  for  SENSOR_DELQ(I) 
the  rth  measurement, 
type,  I=I  ,4 


i Value  of  criterion  used  in  SENSOR  RESID_ 

nav  filter  for  residual  TEST(iy 

: edit  test  for  I'th  meas- 

i urefnent  type^  1=1,4  ' t 

Five  valued  flag  defin-  SENSOR_EDIT(I) 

ing;  use  of  I 'th  measure-  ^ 
ment  data  by  the  nav  ‘ 

• filter,  1=1 ,4. 

OFF  - no  processing  K 

• w attempted, 

rsj  ON  - rejected  by  residual’ 

^ ■ edit  test. 

S PROCESSED  - accepted  by 

i"  residual  edit  test  and  ’ y 

' used  to  update  state 

i • vector. ^ 

I STAT  - used  to  generate 

I display  parameters.  • 

! FORCED  - used  to  u pdate 

state  vector  as  a result  of 


manual  edi t override . 


l> 


ING  STATISTICS  INPUT  PARAMETERS 


INPUT  SOURCE 


Rend,  navigation 
state  and  covariance 
measurement  incor- 
poration 


TYPE  PRECISION  RANGE  UNITS 


Rend,  navigation  F 

state  and  covariance 
measurement 
incorporation  • 

Rend,  navigation  CHAR 

state  and  covariance 
measurement 
incorporation 


1 


TABLE  4.3 .2; 8-1 -MEASUREMENT  PROCESSING  STATISTICS  INPUT  PARAMETERS  (CONTINUED) 


, CiESCRIPTION 

:SYt4B0L 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Counter  for  the  number 
of  data  marks,  for  the 
r th  measurement  type, 
v/hich  have  been  utiTtzed 
to  update  the  nav  state 
vector,  I = T,4.  i 

iy\CGEPTj 

State  and 

covariance 

setup,* 

F 

S 

Counter  for  the  number 
of  daia  marks,  for  the 
I ' th  measurement  type, 
which  have  been  edited  by 
the  nav  filter. 

L-eo — ^ — — ; . ■ — ^ — — 

N_REJECTj 

State  and 

covariance  ! 

setup,* 

F 

. ! 

s 

1 - - 

CJ1  * ' ^ ■ 

^Rendezvous  navig  princtpaT  function  input  list. 
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TABLE  4. 3. 2. 8-2:  MEASUREtCNT  PROCESSING  STATISTICS  OUTPUT  PARAMETERS 


DESCRIPTION. 


Display  measurement 
residual  for  I'th 
measurement  type,  1=1 ,4 

Display  residual  edit 
ratio  for  I'th  measure- 
ment type,  1=1,4 

Display  edit  status 
indicator  for  I'th 
measurement  type,  1=1,4 

Counter  for  the  number  of 
data  marks,  for  the  I'th 
measurement  type,  which 
have  been  utilized  to' 
update  the  nav  state 
vector,  1=1 

Counter  for  the  number  of 
data  marks,  for  the  I'th 
measurement  type,  that 
have  been  edited  by  the 
nav  filter,  1=1,4 


SYMBOL  • 


DISP  DELQ, 


DISPJSIGj 


DIS?_EDITj 


ACCEPT, 


OUTPUT  SOURCE 


N REJECT, 


TYPE 

PRECISION 

F 

DP 

F 

BP 

: CHAR 

S 

F 

■ 

■ 1 

S 

F 

S 

*Rendezvous  navigation  principal  function  output  1 ist. 


4.5  General  Requirement  Principal  Functions 


This  section  delineates  software  requirements  in  the  category  of 
service,  single  use  or  multiple  use,  that. are  not  specifically 
function  related.  The  general  requirement  principal  functions 
include,  but  are  not  limited  to,  the  following: 

1.  Site  lookup  principal  function  (Section  4.5.1). 

2.  Onorbit  precision  state  prediction  principal  function 
(Section  4.5.2) . 

3.  Star  Tracker  SOP  Ephemertdes(Seciton  4.5.3). 


4.5.2  Onorbit  Precision  State  Prediction 


A capability  shall  be  provided  for  predicting 
the  position  and  velocity  of  the  orbiter  or  target 
at  some  final  time  in  the  future  or  past,  when  an 
initial  state  and  time  are  given.  . 

The  onorbit  precision  state  prediction  principal 
function  shan  make  no  use  of  the  IMU  accumulated 
sensed  velocities  and  therefore  is  a free-flight  pre- 
diction process  even  though  it  may  be  performed  dur- 
ing periods  of  flight  in  which  navigation  is  using 
accumulated  sensed  velocities. 

Since  this  principal  function  shall  be  used  for 
different  purposes  having  different  environmental 
requirements  in  various  navigation  phases,  the  user 
shall,  by  setting  the  control  flags  to  the  appropriate 
values  and  by  choosing  the  prediction  method  or  in ter- 
gration  step  size,  have  the  option  to  trade  off  the 
accuracy  of  the  integration  and  the  fidelity  of  the 
mathematical  models  in  favor  of  the  shorter  execution 
time.  This  is  accomplished  with  parameters  specified 
in  the  input  argument  list. 

Tables  4. 5.2-1  and  4. 5. 2-2  are  principal  func- 
tion input  and  output  lists  which  show  data  flow  between 
the  onorbit  precision  state  prediction  principal  func- 
tion and  other  principal  functions . 

4.5, 2-1 


i 
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A.  Detailed  requirements.  This  principal  function, 
which  provides  for  onorbit  precision  state  prediction  of 
the  orbiter  or  target  position/velocity  states*  shall  use 
either  a fourth-order  Runge-Kutta  numerical  integration 
technique,  modified  with  Gill's  coefficients,  together  with 
an  Adams -Moulton  predictor-corrector  integrator  or  a single- 
step  two-body  method.  The  S.  Pines  formulation  of  the  equa- 
tions of  motion  shall  be  used  with  each  technique.  Detailed 
requirements  for  the  Runge-Kutta-Gi 11  integration  technique 
and  the  Pines  formulation  are  provided  in  the  precision  inte- 
gration subfunction  (sec.  4. 2. 1,3.2).  The  Runge-Kutta-Gi 11 
integrator  is  used  as  the  starter  (Adams-Moul ton  integration 
is  not  self-starting)  for  the  Adams-Moiilton  technique  and  shall 
be  shared  with  the  precision  integration  subfunction,  together 
with  the  Pines  formulation  of  the  equations  of  motion.  Non- 
central body  accelerations  shall  be  generated  by  the  User- 
selected  acceleration  models  (sec.  4. 2. 1.2  ) to  account  for 

perturbatiDns'  due  to  drag,  venting  and  uncoupled  thrusting, 
and  variations  in  the  Earth's  gravitational  potential.  The 
onorbit  precision  state  prediction  principal  function  computa- 
tional scheme  shall  be  performed  as  follows: 

1.  The  desired  gravity  (GMD. and  GMO) , drag  (DM),  ^ 

venting  and  uncoupled  thrusting  (VM) , and  vehicle-attitude 
(ATM)  mode  fl ags  shall  be  obtai ned  from  the  user , together 
with  the  predi cti on  integrati on  step  size  (DELTA_T )|  i ni ti al 
state  and  time  (R  _IN„  V _1N , and  T_I.N) and  final  time  at 
the  end  of  the  prediction  interval  (T_FIN). 
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2.  The  initial  state  vector  shall  then  be  renamed  for 
use  in  the  Pines  equations-of-motion  formulation  and  the 
seventh  variable  of  integration  (XN^)  initialized  to  zero: 


XN 

= R 

_IN 

1 to  3 

XN 

= V 

IN 

4 to  6 

O 

It 

1 

z 

X 

7 

In  the  above  equations,  the  seventh  variable  of  integration 
(XNy  , required  by  the  Pines  technique),  is  the  integrated 
initial  time  T_IN. 

3.  A check  shall  now  be  made  on  the  gravity  mode  flag 
(GMD)  to  determine  if  prediction  is  to  be  accomplished  through 
the  use  of  a simple  two-body  solution  or- a more  precise  integra- 
tion technique.  If  a two-body  solution  is  required,  (i.e.,  GMD 
-•  0)  the  prediction  interval  is  computed, 

Tj:UR  = IJ^IN  - Tjn  ' :■  - . 

and  the  Pines  equations-of-motion  formulation  is  called  to 
propagate  the  initial  state  ^._IN)  from  the  initial  time 

(T_IN)  to  the  final  time  (T_FIN)  in  a single  step  using  the 
two-body  solution  portion  of  the  Pines  equations -of -motion 
forniLilatien.  v;  1 :v  v 

4.  Otherwise,  (GMDj^O) , the  Adams-Houlton  flag  is  set 

to  OFF,  the  current  i ntegrator  time  ( T_CUR)  is  set  to  zero,  and  the 
step  size  is  set  as  input: 

' AM  = OFF 


DT  STEP  - DELTA  T 


Additionally,  the  input  integration  step  size  is  cheeked  to 
determine  if  it  is  greater  than  a pre-stored  maximum  (DT_MAX), 
If  the  input  step  size  is  greater  than  the  pre-stored 
maximum  (i.e.,  DTJSTEP  DT_MAX) , the  step  size  used  will  be 
set  at  the  maximum. 

D1J5TEP  = DTJiAX 

5.  Next,  the  number  of  integration  steps  (N_STEPS) 
required  for  the  input  integration  interval  shall  be  calcu- 


lated: 

N STEPS  = CEILING  /l''’-f'^^'  " 

1 dt_step  j 

DT5TEP=  T_FIN-  T_IM 

n_steps 

6.  A check  shall  now  be  made  to  determine  if  the  number 
of  steps  is  sufficient  to  require  the  use  of  the  Adams -Moulton 
predictor-corrector.  If  the  number  of  steps  required  for  the 
integration  interval  is  greater  than  or  equal  to  the  order  of 
the  Adams-Moulton  integrator  (i.e.,  N_STEPS  >M0RDER),  then 
the  Adams-Moulton  flag,  AM,  shall  be  set  to  ON  - a setting 
indicating  the  use  of  the  Adams-Moulton  technique.  This  set- 
ting shall  cause  the  Runge-Kutta-Gill  starter  to  store  the 
derivatives  of  the  integrated  initial  conditions  (DERIV)  in 
a table  (AMJTABLE)  on  the  first  Runge-Kutta  evaluation  for 
each  integration  step: 

AMJABLE  = DERIV 
I,L  L 

where  * 


I = 1 to  MORDER  - 1 


H 


f 


L = 1 to  7 

The  last  (MORDER)  derivative  shall  be  stored  following  the 
call  to  the  Pines  •formulation  after  the  last  Runge-Kutta- 
Gill  step.  Should  there  not  be  enough  integration  steps 
to  require  use  of  the  Adams-Moul ton  integrator,  this  princi- 
pal function  shall  provide  for  precision  state  prediction 
with  use  of  only  the  Runge-Kutta-Gill  technique  (i.e., 

AM  = OFF).  Storage  of  the  above  derivatives  shall  then 
be  by-passed. 

7.  The  actual  integration  of  the  orbiter  or  target 
state  equations  (formulated  according  to  the  Pines  technique) 
shall  now  be  performed  by  proceeding  as  follows  for  each 
step  in  the  integration  interval.  Note  that,  in  the  Pines 
equations-of-motion  formulation,  it  is  the  initial  condi- 
tions (K  T_iN)  that  are  integrated  and  then 

used  in  the  closed-form  solution  of  a two-body,  unperturbed 
orbital  problem  using  an  F-  and  G-series  type  of  expression. 

The  fourth-order  Runge-Kutta-Gill  integration  technique 
shall  be  invoked  in  conjunction  with  the  Pines  equation-of- 
motion  formulation.  When  the  Adams-Moulton  technique  is  also 
required,  the  Runge-Kutta-Gill  integrator  shall  construct  the 
table  .of  derivatives  (AM_TABLE)  as' described  previously. 

During  onorbit  precision  state  prediction  requiring  onl^ 
Runge-Kutta"Gill.,integration  shall  continue  until  the  number 
of  steps  in  the  integration  interval  have  been  completed. 

When  both  integration'  techniques  are  required  (Runge-Kutta- 
Gill  and  Adams-Moulton),  the  Runge-Kutta-GiH  technique 
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shall  be  invoked  until  NJSTEPS  = MORDER  - 1;  then,  the 
Adams-Moulton  technique  shall  be  employed  for  the  remain- 
ing steps.  The  Pines  equations-of -motion  formulation  shall 
be  invoked  after  the  final  call  to  the  Runge-Kutta-Gill  inte- 
grator (I  = MORDER  - 1),  and  the  integrated  initial  condi- 
tion derivatives  shall  be  stored: 


AMJTABLE  = DERIV 

I+l  ,M  M 


where 


I = MORDER  - 1 
M = 1 to  7 . 


When  the  number  of  integration  steps  required  exceeds 
MORDER  - 1 and  the  table  of  derivatives  has  been  constructed 
with  the  aid  of  the  Runge-Kutta-Gill  starter,  the  Adams- 
Moulton  integration  technique  shall  proceed  as  follows  for  each 

integration  step: 

a.  First,  the  predictor  calculations  are  perfomed  for 

each  vSriabie  of  integration  (J  = 1,7): 

XP  = XN 
0 J 

SUM  s 0.0 

SUM  = SUM  + AM  TABLE  PREDJGOEF 

" T to  MORDER, J 


XN;  XN  + dt  step  sum 

0 J “ 


wherev 


XP  - value  of  the  i ntegrated  i ni ti al  conditions 
before  prediction 

XN  = i ntegrated  i ni ti al  conditions 
AM__TABLE  = a tal)le  of  MORDER  derivatives  of  the 
integrated  initial  conditions 
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PRED_COEF  = a table  of  premiss ion-selected  coefficients 
DT_STEP  = integration  step  size 

b.  The  current  time  within  the  integrator 

is  incremented: 

T_CUR  = T_CUR  + DT_STEP 

c.  The  Pines  equations-of-motion  formulation  is 
exercised  to  calculate  the  derivatives  of  the  predicted 
integrated  initial  conditions. 

d.  Next,  the  corrector  calculations  are 
performed  in  a manner  similar  to  the  predictor  equations 
(i.e.,  J = 1,  7): 

SUM  = 0.0 

SUM  = SUM  + AMJABLE  CORRJCOEF^^^^  ^ ^ 

2 to  MORDER.O  1 to  MORDER-1 

XN  = XP  + DT  STEP  (DERIV  CORR  COEF  + SUM) 

J J “ J “ BORDER  ' 


e.  Another  call  shall  now  be  made  to  exercise 
the  Pines  formulation  to  calculate  the  derivates  of  the 
integrated  initial  conditions  (position,  velocity  and  initial 
time)  and,  on  the  final  integration  step,  compute  the  position 
and  velocity  vectors  (X^  2 ^ ) by  applying  the 

integrated  initial  conditions  to  the  Pines  equations  defining 
the  closed-form  two-body  solution.  . 

f .  If  addi ti onal  integrati on  steps  are  required , 


the  Adams-Moul ton  tab! e of  derivatives  (AMJTABLE)  shall  be  up- 
dated as  follows  for  each  variable  of  integration  (J  = 1 , 7) : 


^ ^OOR  QUALITY 


AM  T/\BLE  . f AM.  TABLE 

" 1 to  MORDER-1, 0 2 to  MURDER,  J 
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Af^JABLE  ^ OERIV 

MORDERJ  J 

After  the  computed  number  of  integration  steps  have 
been  completed  (whether  with  Runge-Kutta-GilT  alone  or  in 
conjunction  with  the  Adams-Moulton  or  a single  step  two- 
body  solution),  the  position  and  velocity  are  renamed  for 
output: 

B_F“  “ Xl  to  3 
V FIN  = X 

4 to  6 

B.  Interface  requirements.  Input  and  output  require- 
ments are  contained  in  tables  4.5. 2-3  and  4. 5. 2-4. 

C.  Processing  requirements.  This  principal  func- 

tion requires  user-supplied  values  of  gravity  (GMO  and  GMD), 
.drag  (DM),  venting  and  uncoupled  thrusting  (VM),  and 
vehicle-attitude  (ATM)  mode  flags,  in  conjunction  with  the 
initial  State  and  time  (R_IN,  T_IN)  and  the  final  time 

(T_FIN).  Appropriate  acceleration  models  may  be  found  in 
section  4. 2,1, 2 . When  using  this  function  for  target 

vehicle  state  prediction  the  venting  and  uncoupled  thrusting 
flag  (VM)  shall  be  set  to  zero.  Additionally,  if  drag 
modeling  is  desired,  the  drag  mode  flag  (DM)  should  be  set  to 
one  and  the  attitude  mode  flag  (ATM)  set  greater  than  or  equal 
to  three  as  appropriate  for  the  specific  target, 

0.  Constraints.  This  module  may  only  be  invoked  dur- 
ing onorbit  or  rendezvous  coasting  fl ight.' ' The  minimum  step 
size  (DELTA_T)  and  maximum  prediction  interval  (TJIN  - TJN) 
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is  restricted  by  the  maximum  number  of  integer  steps 
v.'hich  can  be  stored  into  the  orbiter's  onboard  computer  in 
single  precision  (t.e.  32767  steps).  The  user  shall  supply 
the  appropriate  step  size  and  prediction  interval  such  that, 
the  maximum  number  of  steps  never  exceeds  32767  (AP-101 
maximum  standard  sTngle  precision  integer). 

E.  Supplementary  information.  The  onorbit  precision 
state  prediction  principal  function  shall  be  used  for  both 
precision  and  rapid  state  prediction.  When  a rapid  state 
prediction  is  desired,  two  options  are  available.  The  first 
uses  a sophisticated  integration  technique  and  equations  of 
motion  formulation,  while  the  second  method  performs  the 
rapid  prediction  with  a less  accurate,  single-step  two-body 
F and  G series  solution  involving  no  numerical  integration. 

A suggested  implementation  of  this  principal  function  may  be 
found  in  appendix  B.  The  following  table  lists  several  examples 
of  input  variable  list  combinations  for  the  various  types  of 
prediction  performed: 


4. 5. 2-9 


PREDICTION  TYPE  GMD*  G 


Orbiter  Precision 


Orb iter  Rapid  precis on 


Orbiter 

Target 

Target 

Target 


Rapid  2-body 
Brecison 

Rapid  precision 
Rapid  2-body 


VM 

i 

i 

ATM 

! 

STEP;:SIZE 

COMMENTS 

i 

1 

1 

user  selects 

Full  8th  degree  potential 
1 model.  Drag  and  venting  v/ith 
predicted  attitude  & venting 
1 timeline 

0 

1 

2 

user  selects 

0^  only  potential  model  with 
constant  drag  coeffieient,  area 

0 

0 

0 

! 

Single-step  two-body  F and  G 
series  solution 

0 

[ 

>3 

user  selects 

Full  8th  degree  potential  model 
drag  with  constant  area,  drag 
coeff i cient 

0 

>3 

user  selects 

Jg  only  potential  model  with 
constant  drag  coefficient,  area 

G 

. 

1 

1 

0 

0 

Single-step  two-body  F and  G 
series  solution 

i 

* When  prediction  is  being  performed  for  both  vehicles  (orbiter  and  target)  over  a similar  trajectory, 
the  same  degree  and  order  potential  model  should  be  used  for  each  prediction  so  that  potential  model 
errors  will  be  avoided. 


TABLE  4. 5. 2-2:  ONORBIT  PRECISION  STATE  PREDICTION  PRINCIPAL  FUNCTION  INPUl 


LEVEL  B 

LEVEL  C FSSR 

EXTERNAL  PRINCIPAL 

MNEMON- 

VARIABLE  NAME 

FUNCTION  SOURCE  | 

VM 

ATM 

DELTA_T 

R_IN 

V_IN 

T_IN 

T_FIN 

SQR  EMU 


Onorbit  NAV,  REND 
NAV,  ONORBIT  GUI- 
DANCE I 


ONORBIT/REMD  NAV 
SEQUENCER 


INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 


SUBFUNCTION 

NAME 


SUBFUNCTION 
INPUT  TABLE 


1 


TABLE  4. 5. 2-2:  ONORBIT  PRECISION  STATE  PREDICTION  OUTPUT  LIST 


LEVEL  B 
MNEMON 


LEVEL  C FSSR 
VARIABLE  NAME 


EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 


r , 

1.  "'(■ 

ONORBIT  NAV,  REND  i 

NAV, ONORBIT  GUI-  ■ 

r, . ■ ; 

■ ■■  ■■■  ' ' ' '■ 

1 v^ 

DANCE 

TBD  ■ 

' ^ i 

' ) 

;■  ■ ' ' . T -i 

INTERNAL  SUBFUNGTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 


SUBFUNCTION 

NAME 


SUBFUNCTION 
INPUT  TABLE 


TABLE  4. 5.2-3  ONORBIT  PRECISION  STATE  PREDICTION  INPUT  PARAMETERS 


DESCRIPTIOH  ^ 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS 

SAMPLE 
: RATE 

§ § 
of 

FLAG  INDI GATING  THE  DEG- 
REE OF  THE  GRAV  POTEN- 
TIAL MODEL 

GMD 

* 

I 

S 

0-8 

1 

AS  NEEDED 

gi 

Me 

FLAG  INDICATING  THE  OR- 
DER OF  THE  GRAV  POTEN- 
TIAL MODEL 

GMO 

I 

s 

0-8 

i 

AS  NEEDED 

; ■ 

cn 

ro 

1 ■■ 

FLAG  INDICATING  CHOICE 
OF  MODELS  FOR  ACCELEPJ\- 
TION  .DUE  TO  DRAG 

DM 

: i 

ic  ■■ 

I 

s 

0>1 

AS  NEEDED 

CO 

\ 1 

■ '■  V',  ; 'i 

* Refer  to  onorbit  precision  state  prediction  principal- function  input  list 
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TABLE  4. 5.2-3  ONORBIT  PRECISION  STATE  PREDICTION  INPUT  PARAMETERS  - Continued 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

UNITS- 

SAMPLE 

RATE 

INTEGRATION  STEP  SIZE 
FOR  PREDICTION  OR  PROPA- 
GATION 

DELTA  T 

* 

F 

DP 

SEC 

AS  NEEDED 

i SHUTTLE  POSITION  VECTOR 

r AT  T_IN 

;^IN 

♦ ' 

■ 

V(3) 

DP 

•FT 

AS  NEEDED 

^ : SHUTTLE  VELOCITY  VECTOR 

L.  AT  T IN 

L,::.;  ro  , : ’ 

,■  :>  '■  ;■  ■ ■ 

^ ' 

It  -:  " : V-  ■ ' ■ ' : : :: ; ' \ 

L:V,  ^ ^ . 

t * ■ ■■  / ■ ' 

VT[N  1 

, -k 

' 

V(3) 

DP 

FT/SEC 

AS  NEEDED 

* Refer  to  onorbit  precision  state  prediction  principal  function  input  list 


TABLE  4. 5.2-3  ONORBIT  PRECISION  STATE  PREDICTION  INPUT  PARAMETERS  - Continued 


DESCRIPTION- 

SYMBOL 

INPUT  SOURCE 

TYPE 

PRECISION 

RANGE 

'■ 

UNITS 

SAMPLE 
i RATE 

INITIAL  TIME  INPUT  FOR 
ONORBIT  PREDICTION  OR 
PROPAGATION 

t_in 

* * 

F 

DP 

SEC 

AS  NEEDED 

1 

FINAL  TIME  AT  END  OF 
PREDICTION  OR  PROPAGA- 
TION 

T_FIN 

i 

F 

DP 

' 

i 

SEC 

AS  NEEDED 

THE  ORDER  OF  THE  ADAMS- 
HOULTON  INTEGRATOR 

MORDER 

1 

PREMISSION 

LOAD 

! 

' ■ 

I 

S 

! 

AS  NEEDED 

ARRAY  OF  COEFFICIENTS 
REQUIRED  BY  THE  RK- 
GILL  INTEGRATOR 

A 

CONSTANTS 

F 

DP 

1 

1 

j 

AS  NEEDED 

ARRAY  OF  COEFFICIENTS 
REQUIRED  BY  THE  RK-GILL 
INTEGRATOR 

B 

CONSTANTS 

F 

DP 

AS  NEEDED 

ARRAY  OF  COEFFICIENTS 
REOUIRED  BY  THE  RK-GiLL 
INTEGRATOR 

C 

CONSTANTS 

F 

► 

DP’ 

i 

i 

- 

AS  NEEDED 

* Refer  to  onorbit  precision  state  prediction  principal  function  input  list 


TABLE  4. 5. 2-3  ONORBIT  PRECISION  STATE  PREDICTION  INPUT  PARAMETERS  - Concluded 


DESCRIPTION 

SYMBOL 

INPUT  SOURCE 

i - 

TYPE 

f 

PRECISION 

i . 

1 

RANGE 

UNITS 

SAMPLE 

RATE 

ARRAY  OF  COEFFICIENTS 

D 

CONSTANTS 

F 

i . 

DP 

AS  NEEDED 

REQUIRED  BY  THE  RK-GTLL 

m 

ARRAY  OF  MORDER  COEFFI- 

PRED  COEF 

CONSTANTS 

F 

DP  ■ 

AS  NEEDED 

CIENTS  USED  IN  THE 

ADAMS-MOULTON  CORRECTOR 

* GRWITATIOMAL  CONSTANT 

EARTH  J^U 

CONSTANTS 

F 

DP 

FT**3/ 

SEC**2 

AS  NEEDED 

OF  EARTH 

1 % 

SQUARE-ROOT  OF  EARTH  MU, 

SQR_EMU 

F 

DP 

(FT**3/SEC**2)^ 

AS  NEEDED 

USED  IN  ONORBIT  PRED/ 

PRLP  INTEGRATION  (PINES) 

on 

METHOD 

ro 

j 

flag; INDICATING  WHICH 

VM 

■ ' * 

I 

S 

0,1 

AS  NEEDED  . 

1 

VENTING  MODEL  IS  TO’ BE 

i 

1 USED  BY  PRECISION  STATE 

1 

. 

PREDICTOR 

i 

j;  ■ 

ATTITUDE  MODE  FLAG 

i ■ ■ 

1 .. 

ATM 

ic 

I i 

S 

0,1,2  (C 

Irbiter) 

AS  NEEDED 

>3  (target) 

DTJiAX 

PREMISSION 

F 

DP 

SEC 

AS  NEEDED 

LOAD 

PRECISION  PREDICTION 

' 

* Refer  to  onorbit  precision  state  prediction  principal  function  input  list 


TABLE  4.5, 2-4-ONORBIT  PRECISION  STATE  PREDICTION  OUTPUT  PARAKETERS 


; DESCRIPTION  T 

SYMBOL 

OUTPUT  DESTINATION 

TYPE 

PRFXISION 

i RANGE 

. UNITS 

! • 

COMPUTATION 

RATE, 

SHUHLE  POSITION  VECTOR 

i R FIN 

V(3) 

DP  • 

1 

1 

•FT 

AS  NEEDED 

AT  TJ^IN  V 

[ 

f SHUTTLE  VELOCITY  V ECTOR 

V FIN 

■ * ■ ’ 

1 . ' 

V(3) 

DP 

, FT/SEC 

AS  NEEDED 

|T;.  • AT,  TJ^IN,..::^ 

■■ . ; 

V 

* 

f V V : - 

! 

1^3  V ■ ■ V ’■  ■■  : 

C -T.' 

— » ■ j 

1 , ■ • 

- 

- 

* Refer  to  onorbit  precision- state  prediction  principal  function  output  list 


4.6  User  Parameter  Processing  Principal  Function  (Onorbit) 

This  principal  function  shall  serve  as  the  interface  between  navi 
gation  and  users  of  navigation-related  data  during  the  onorbit 
operational  sequence.  This  function  shall  maintain  the  vehicle 
state  within  the  user  parameter  state  propagation  subfunction  and 
shall: 

a)  provide  this  state  to  users  who  require  vehicle  state 
parameters  in  mean-of- fifty  (M50)  coordinates;  and 

b)  provide  the  software  to  transform  this  state  for  users 
who  require  nav  state-related  parameters. 

Interface  parameters  between  this  principal  function  and  other 
6N&C  principal  functions  are  presented  in  tables  4.6-1  and  4.6-2. 
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TABLE  4,6-1:  ONORBIT  USER  PARAMETER  PROCESSING  PRINCIPAL  FUNCTION  INPUT  LIST 


1 MNEMON 

LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 

INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 

niiwrTTnM  uuTru  mtti  Tvr  Tt4i:  W&BTARt  fV 

1 XWIH  YUlXUM  U 

1 XL-XZ-L.  Mil-  V Ml  % i*  y 

SUBFUNCTION 

NAME 

SUBFUNCTION 
INPUT  TABLE 

G14702  - 
• G14704 

;^IMU_CURRENT  . 

•IMU_RM 

USER  PARAM 
PROPAGATOR 

4. 6. 1-1 

G14705 

l^IMU 

II  . 

n 

11 

G28201- 
G28203  • 

^ESET 

ORB  NAV 
' RENOZ  NAV 

ORB/RND  NAV  SEQ 

■ ■ ■ 

II 

11 

:G28204- 

TRESET 

■ ' i 

RENDZ  NAV 
ORB  NAV 

ORB/RND  NAV  SEQ 

II 

It 

G29701 

TJJESET 

RENDZ  NAV 
ORB  NAV 

ORB/RND  NAV  SEQ 

II 

■ i 

II 

G28210  - 
G28212 

V_IMU_RESET 

■ RENDZ  NAV 
ORB  NAV 

ORB/RND  NAV  SEQ 

II  ■ ■■  ■ 

II 

646500 

USE_IMU_DATA 

RENDZ  NAV 
ORB  NAV 

M 

II 

G25515 

FIL1VUPDATE 

REND  NAV 
ORB  NAV 

ORB/RND  NAV  SEQ 

II 

II 

TABLE  4.6-1 • ONORBIT  USER. PARAMETER  PROCESSING  PRINCIPAL  FUNCTION  INPUT  LIST  (con't.) 


LEVEL  B 
1 MNEMCN 

■ ' . 

LEVEL  CFSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 

INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 

CIIM/'TTAM  I.IUTTU  lITTI  T7tr  TU C \/SDTflRlF\ 

1 

1 UiNU  i iVM  u 1 ii-i 

i \ lu  V J. / 

SUBFUNCTION 

NAME 

SUBFUNCTION 
INPUT  TABLE 

TBD 

COMPJ^ODE  ' 

NAV.  MONITOR  DIP 

,NAV_M0NIT0R_C0MPS 

4. 6.2-1 

■ 

' 

DO_PREDICT 

II 

II 

II 

■ 

t_predigt 

n 

n 

II 

tl  / • 

R^COMP 

i : 

ONORBIT  PREDICT 

II 

II 

i 

1 ■ ■ . 

:;^:OMP  " •' 

. 'll  ■ ■ ■ ■ 

II 

II 

' ■ 

REN!LNAV_FLAG 

ORB/RND  NAV  SEQ 

USERJ>ARAMJ»ROPAGATOR 

4. 6.1-1 

' , • 

: Ov_RESET 

RENDZ  NAV 
ORB/RND  NAV  SEQ 

M 

II 

M 

RENDZ  NAV  | 

ORB/RND  NAV  SEQ  j 

1 

1 

II 

II 

TABLE  4.6,2:  ONORBIT  USER  PARAMETER  PROCESSING  PRINCIPAL  FUNCTION  OUTPUT  LIST 


Q 


level:  b 

iMNEMON 


LEVEL  C FSSR 
VARIABLE  NAME 


EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 


INTERNAL  SUBFUNCTION  DESTINATION 
(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 


SUBFUNCTION 


SUBFUNCTION 

TMni  IT  TT,  n 1 r 


TABLE  4.6-2:  ONORBIT  USER  PARAMETER  PROCESSING 


LEVEL  B 
MNEMON 

LEVEL  C FSSR 
VARIABLE  NAME 

EXTERNAL  PRINCIPAL 
FUNCTION  SOURCE 

G02707 

T_STATE 

ON-ORB  GUID 
ORBIT  MNVR  DIP 
GN&C/SM-PL  IF 

G02712- 
G027T4  : 

ON-ORB  GUID 

TBD 

LATITUDE 

NAV  MONITOR  DIP 

■ ■ n 

LONGITUDE 

II 

ALTITUDE 

11 

ASG^NODE 

G02701- 

G02703’ 

^AVGG 

ONORBIT  PREDICT 

G027D4-  i 
G02706  i 

v_avgg 

n 

G02707 

TJSTATE 

ft 

TBD 

T_PREDICT 

11 

II  . 

DT_PREDICT 

II 

FUNCTION  OUTPUT  LIST  (con’t.) 


(SUBFUNCTIONS  WITHIN  THIS  PRINCIPAL 
FUNCTION  WHICH  UTILIZE  THE  VARIABLE) 

SUBFUNCTION  SUBFUNCTION 


tt 


M 


0 


4,6,1  User  Parameter  State  Propagation 


Whereas  the  on-orbit  and  rendezvous  navigation  state  propa-: 
gation  subfunctions  advance  the  navigation  state  vector  at 
relatively  large  intervals,  at  the  end  of  whiph  external 
measurement  data  processed  by  the  filter  are  incorporated 
when  appropriate,  users  such  as  guidance  and  displays  re- 
quire a knowledge  of  the  state  vector  at  shorter  intervals. 

The  on-orbit  and  rendezvous  user  parameter  state  propagation 
subfunction  will  satisfy  the  requirements  of  such  users  by 
integrating  the  equations  of  motion  within  the  intervals  of 
the  navigation  propagation  with  use  of  a simplified  com- 
putation of  the  gravitational  acceleration  in  conjunction 
with  a small  step  size. 

In  the  case  of  the  orb'iter,  if  an  indication  exists  that 
the  acceleration  derived  from  the  IMU  sensed  velocities  is 
above  a certain  threshold  level,  this  acceleration  is  to 
be  used  in  the  integration  process.  The  information  about 
the  acceleration  level  takes  the  form  of  a flag  (USE_IMU_ 
DATA)  which  is  set  to  ON  or  OFF  by  the"  navigation  state 
propagation.  The  integration  is  to  be  performed  by  an 
average-g  process , using  a model ed  accelerati on  that  contains 
only  the  central  force  term  and  the  O2  ^onal  harmonic  of  the 
Earth's  gravitational  force.  If  the  USE_IMU_DATA  flag  is 
found  to  be  set  to  ON,  the  sensed  acceleration  shall  be  used 


4.6-1 


in  addition  to  the  model  acceleration.  If  the  USE_IMU_DATA 
flag  is  found  to  be  OFF,  only  the  modeled  acceleration  is  to 
be  utilized  in  the  integration. 

In  the  rendezvous  phases  it  is  also  necessary  to  propagate  the 
target  vehicle  state.  There  being  no  IMU's  in  this  vehicle, 
only  the  modeled  acceleration  is  to  be  used  in  the  integration. 

This  process  will  be  restarted  after  each  filter  update  with 
the  filter  states.  The  values  of  the  filter  updated  position 
and  velocity  vectors,  together  with  their  time  tag  and  the 
total  accumulated  IMU  velocity,  are  stored  (at  each  naviga- 
tion cycle)  in  special  locations  for  use  by  the  user  para- 
meter state  propagation  subfuncticn.  This  prevents  the 
errors  resulting  from  use  of  a less  accurate  integrating 
scheme  from  becoming  too  large  and,  at  the  same  time,  pro- 
vides a synchronization  between  the  propagation  tasks, 

A.  Detailed  Requirements 

A capability  shall  be  provided  for  a fast  computation 
of  the  position  and  velocity  of  the  orbiter  during  all 
phases  of  OPS-2,  and  of  the  position  and  velocity  of 
the  target  vehicle  during  all  rendezvous  phases.  This 
computation  shall  provide  the  required  state  vectors  . 
in  a H50  coordinate  system  by  the  integration  of  the 
equations  of  motion  that  include  gravity  accelev'ations 
and,  for  the  orbiter,  the  IMU  sensed  velocities*  if 


they  give  a significant  contribution. 


In  the  case  of  the  orb  iter,  the  value  of  the  state  that 
is  to  be  advanced ( integrated  forward  in  time)  may  be 
from  one  of  two  sources  (the  one  used  depends  on  the 
tested  value  of  the  flag  (FILTJJPDATE),  which  indicates 
the  availability  of  a filter  updated  state): 

1.  If  an  update  from  the  filter  is  not  available  (con- 
dition OFF),  the  propagated  state,  saved  from  the 
previous  cycle,  is  to  be  advanced.  The  value  of 
the  IMU-accumulated  sensed  velocity  from  the  pre- 
vious cycle  is  available  for  state  advancement 
purposes . 

2.  If  an  update  from  the  filter  is  available  (condi- 
tion ON),  the  navigation  filter  updated  state,  to- 
gether with  its  time  tag  and  associated  IMU  accumulated 
sensed  velocity,  is  to  t'eplace  the  previous  propagated 
state,  time  tag,  and  accumulated  velocity.  The  filter 
updated  values  are  jrRESET,  VJ^ESET, 

RESET;  the  vectors  maintained  by  the  user  para- 
meter state  propagator  are  lyWGG  and  V_AVGG.  The  time 
tag  is;  TJTATE.  Thus,  if  FILIVUPDATE  ON, 
following  will  be  done; 

^ R_RESET 

o 

T STATE  = T RESET  -■ 


The  computational  sequence  required  is  as  follows: 

1,  Snap  the  IMU  accumulated  sensed  velocity  and  time  tag: 

SNAP(;/_IMb'_CURRENT,  T_IMU  ) 

2.  Test  the  filter  update  flag(  EILTJJPDATE)  and  take 
the  appropriate  aforementioned  action. 

3.  Compute  the  interval  over  which  advancement  is  required 

DT__IMU  T_IMU  - T__STATE 

4,  Test  the  USE_IMU_DATA  flag.  Then,  if  the  value  of  the 


flag  is  found  to  be  ON,  set 

A SENSED  = L.Af'lUJ^URRENT  - X_IMU_0LD 
‘ DT  IMU  “ 


If  the  value  of  the  USE_IMU_DATA  flag  is  OFF,  set 
AJENSED  = 0. 

5.  The  position  and  velocity  vectors  of  the  orbiter  shall 
•then  be  obtained  by  a call  to  the  user  state  integrator 
CALL:  AVERAGE_G_INTEGRATOR 

IN  LIST:  fr.AVGG,  VJWGG,  DTJMII,  ^SENSED, 

TJSTATE,  T_IMU 
OUT  LIST:  RAVGG,  V AVGG 


The  cal cul ations  performed  up  to  this  point  refer  to  the 
orbiter's  state.  Propagation  of  the  target  state  is  re- 
quired only  during  the  rendezvous  phases . , A flag  (REN0__ 
NAV_FlAG),  which  has  the  value  ON  only  during  these  phases, 
shall  then  be  consulted  by  the  user  parameters  state  propa- 
gator. 

6.  Test  the  REND  MAV  FLAG,  If  it  is  found  to  be  ON,  test 


the  FILTjJPDATE  flag  to  determine  if  a filter  updated 
target  state  is  available. 

If  FILTJJPDATE  = ON,  set 
RJARGET  = RJV^RESET 

VJAmEl  = ^^_RESn  • 

where  ^TARGET  and  y_TARGET  rep»-«sent  the  position 
and  velocity  vectors  of  the  target  vehicle  advanced 
by  the  user  parameter  state  propagator,  and  R TV 
RESET  and  V TV  RESET  the  target  state  vectors  from 
the  navigation  filter. 

7.  Advance  the  target  state  by  a call  to  the  integrator. 
In  this  call,  the  vector  that  contains  the  sensed 
accelerat'ion  shall  be  set  to  zero. 

CALL:  AVERAGEJ3JNTEGRAT0R 

IN  LIST:  RJAR6ET,  TARGET,  DT_IMU,  0.,  0., 

0.,  T_STATE,  T_IMU 
OUT  LIST:  IJJARGET,  VJARGET 

After  the  state  vector  updates  have  been  completed,  the 
foTTowing  steps  are  to  be  executed:  . 

8 . Save  the  ti me  tag  output  for  use  in  the  next  cycl e : 

IJSTA  • 

9.  Save  the  latest  IMU  accumulated  sensed  velocity: 

T0.T  Set  the  FILT^PDATE  flag  to  OFF.^^^ 


4.6. 1-5, 


This  completes  the  sequence  of  calculations  of  a user 

parameter  state  propagation  cycle. 

The  detailed  integrator  equations  follow: 
AVERAGE_G_INTEGRATOR 

IN  LIST:  RJW,  VJM , DTIME,  AC,  T_STATE,  T_IMU 

OUT  LIST:  R_AV,  1_AV 

1.  By  means  of  a call  to  the  acceleration  function, 
find  the  gravitational  acceleration  up  to  degree 
2 and  order  0 for  the  input  state  vector  and  cor- 
responding time  tag; 

GR  = ACCEL_PERT_ONORBIT  (2,  0,  0,  0,  0,  I^W, 
T_STATE)  - EARTHJ^U  iy\V/|R_AV|^ 

2.  advance  the  position  vector  by  the  average-g  method: 

^AV  = ^AV  + DTIME  [y_AV  + .5  DTIME  (AC  + 

3,  Use  this  updated  position  vector  and  the  current  ' 
time  to  find  a new  value  of  the  gravitational  accel- 
eration: 

m = ^CEI^ERTJDNORBIT  (2.,  0,  0,  0,  0,  R AV, 
yj\V,  T_IMU)  - EARTHJill  B_AV/ |_^Vj ^ 

4,  Advance  the  velocity  vector  by  the  average-g  method: 

VyAV  = J_AV  + DTIME  + .5  (GR  + ^1)] 

Interface  Requirements.  ^ 

The  input  and  output  v'equired  are  listed  in  Tables 


4. 6. 1-1  and  4. 6. 1-2,  respectively, 

C.  Processing  Requirements 
None. 

D.  Constraints 

None.  • . ■ 

E.  Supplementary  Information 

A suggested  implementation  in  the  form  of  detailed  flow 
charts  is  to  be  found  in  Appendix  D. 
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TABLE  4.5. T-T  On-Orbit  User  Parameter  State  Propagation  Input  Parameters 


DESGRIPTIOM  i 

SYMBOL 

INPUT  source 

TYPE  1 

1 

. j 

PRECISION 

RANGE 

UNITS 

SAMPLE 

RATE 

Crbiter  Velocity  Vector 

V RESET  . 

■ ■ 1 

V ! 

DP 

Ft/ 

Filter  Rate 

after  navigation  updates 

sec 

Flag  indicating  the  avail- 

1 F.ILT  UPDATE 

* 

D 

OFF 

Filter  Rate 

ability  of  filter  updated 
states 

[ ' . : 

ON 

Flaa  indicating  v/hether 

REND  NAV  FLAG 

i:  ; ; 

D 

OFF  i 

As  Needed 

^ or  not  the  current  phase 

.] 

ON 

is  a rendezvous  phase 

i . ' , . 

Flag  indicating  whether 

USE  IMU  DATA 

0 

OFF 

As  Needed 

or  not  the  IMU  velocities 

ON 

are  to  be  used  in  propa-  i 

gation 

j 

Orbiter  position  vector 

PRESET 

V 

DP 

Ft 

UPP  Rate 

.after  navigation  updates 

[ 

Time  associated  with 

T_IMU 

• 

F 

DP 

I 

I 

Sec 

Filter  Rate 

currently  read  velocity 
counts  from  the  IHU 

- ■ , _ ■ , . , 1 

1 

Time  associated  with 
reserved  reset  state 

T_RESET 

*■-  - 

1 

F 

DP 

Sec 

Filter  Rate 

Current  selected  accum- 

X_imu_current 

V 

DP 

Ft/ 

UPP  Rate 

ulated  IMU  velocity  ^ 1 

* 1 

sec 

* User  parameter  processing  principal  function  input  list. 


TASLE  4.6J-1  On-Orbit  User  Parameter  State  Propagation  Input  Parameters  (Gont'd) 


SYMBOL 

!■  ' ^ 1 

j INPUT  SOURCE  1 

1 ’ 1 

TYPE 

i 

PRECISION 

1 

m 

UNITS 

Copy  of  V^XURRENT_FiLT 
reserved”for  user  par- 
ameter propagator  reset 

Tjmj<Esn 

\ 

1 ! 
i , 

r 

yO 

V 

1 DP 

Ft/ 

sec 

Filter  Rate 

Target  position  vector 
after  navigation  updates 

R_TV_RESET 

■ ■ i 

ic 

V 

: , j 

DP, 

Ft 

Filter  Rate 

Target  velocity  vector 
- after  navigation  updates 

y_TV_RESET 

•k  ■ 

V 

■ 1 

DP 

i 

Ft/ 

sec 

Filter  Rate 

i 

4^ 

Ch 

1 

to 


User  parameter  processing  principal . function  input  list. 


TABLE  4. 6. 1-2  On-Orbit' User  Parameter  State  Propagation  Output  Parameters 


DESCRIPTION  •' 

■ '•■■■■ 

SYMBOL 

PJINGE 

UNITS 

COMPUTATION 

R,AT£/StC 

g| 

State  vector  AVERA6E_G 
integration  time  step 

DT_IHU 

• 

F 



DP 

Sec 

User  parameter 
propagator  rate 

• 

'-.Target  vehicle ' s 
velociy  vector 

Current  orbiter 
position  vector 

^TARGET 

R_AVGG 

* ■ 

On-orbit  user  para- 
meter calculations,  * 

V 

: V 

DP 

DP 

Ft/ 

sec 

■ Ft 

User  parameter 
propagator  rate 

User  parameter 
propagator  rate 

'"Time  tag  for  current 
user  parameter  state 
vector 

V 

TJSTATE 

On-orbit  user  para- 
meter caTcul ati ons , * 

1 R 

i 

[ 

1 

DP 

Sec 

User  parameter 
propagator  rate 

C7i 

i 

1 

Orbiter  current 
velocity  vector  • 

a/_avgg 

On-orbit  user  para- 
1 nieter  cal  cul  ations , * 

1 

! V • 1 

i 

1 

1 

, 

DP  i 

1 

1 

Ft/ 

sec 

1 

1 

User  parameter 
propagator  rate 

1 

O 

Current  accumulated  • 
: IHU  velocity 

VJMUJDLD 

ic 

> V 1 

i ! 

t 

t 

DP 

Ft/ 

sec 

User  parameter 
propagator  rats 

- 

Target  vehi  cl  e ' s pos-- 
ition  vector 

* ’ ★ 

1 ■ 

V 

1 

i , 

DP 

User  parameter 
propagator  rate 

* User  parameter  processing  principal  function  output  list. 


4.6.2  Onorbit  User  Parameter  Calculations 


This  subfunction  contains  the  softv/are  necessary  to  compute  for 
display  certain  orbital  elements  representing  the  Shuttle's  earth- 
relative  position  at  either  the  current  time  or  at  a future  time 
as  selected  by  the  crew.  The  ofbital  elements  computed  include; 
altitude  above  the  reference  ellipsoid,  longitude,  geodetic  lati- 
tude and  the  longitude  of  the  ascending  node.  These  parameters 
will  be  computed  during  major  modes  201  and  211  to  support  the  Nav 
Monitor  CRT  display  page. 


A.  Deta i 1 ed  Regu i r eman ts . 


Certain  flags  will  be  tested  to  uetev'- 


mine  whether  the  crew  wishes  to  have  current  or  future  param- 
eters displayed..  Whenever  current  parameters  are  desired,  com- 
putations shall  be  performed  cyciicly  for  the  current  user 
parameter  state  vector.  Whenever  future  parameters  are  desired, 
computations  shall  be  performed  a single  time  for  the  predicted 
Shuttle  state  at  the  desired  input  time. 


If  the  parameter,  C0MP_M0DE,  has  a value  of  "CURRENT",  then 
the  orbital  parameters  are  to  be  determined  for  the  current  - 
time  and  the  user  parameter  position  and  velocity  vectors,  as 
well  as  the  associated  time  tag,  are  to  be  renamed  for  subse- 
quent computations  of  orbital  parameters: 

V r : 

. f TJCOMP  - T_STATE  • . : 


4. 6.2-1 


■ ' 1 I . I I t. 

If  C0MPJ10DE  has  the  value  "PREDICT"  and  the  flag  DC_PREDICT  = OFF, 
then  either  the  crew  has  not  yet  entered  the  desired  predict  time 
or  the  computations  were  completed  on  a previous  cycle  and  for 
either  case  no  further  computations  are  necessary. 

If  C0MP_M0DE  has  a value  of  "PREDICT"  and  the  flag  DO_PREDICT  = ON 
the  orbital  parameters  shall  be  computed  for  the  input  time, 

T_PREDICT,  The  Shuttle's  position  and  velocity  vectors  at  the 
future  time  shall  be  determined  by  calling  the  onorbit  precision 
state  prediction  principal  function  (section  4.5.2)  v'ith  inputs 
set  to  correspond  to  the  "rapid  precision"  prediction  method  as 
follows: 

CALL:  ONORBIT_PREDICT 

INLIST:  2,0,1 ,0,2,DT_PREDICT,  RJ\VGG,  yjiA/^^ 

T_STATE,  T_PREDICT 
OUTLIST:  £_C0MP,  V_C0MP 

The  predict  time  is  then  to  be  renamed  for  subsequent  computations 
of  orbital  parameters  and  the  flag,  D0_PREDICT,  is  to  be  set  OFF: 

TJCOMP  = T_PREDICT 

Next , for  either  of  the  two  cases  described  above,  orbital  eleiiients 
are  to  be  computed.  A matrix,  valid  at  the  time  T_C0MP,  will  be 
generated  to  transform  M50  coordinates  into  earth-fixed  coordinates : 
JtjEMf^ 

The  Shuttle 's  position  and  inertial  veloci ty  vectors  will  then  be 
transformed  into  earth-fixed  coordinates: 


4,6. 2-2 


‘ I 1 ■:  1 } / I 

^EF  = M_JEMP_TXPOSE  R_COMP 
}[_E?  = MJFEMPjrXPOSE  l_COMP 

The  geodetic  coordinates  of  the  earth-fixed  position  vector  shall 
then  be  determined  by  calling  the  EF_T0_GE0DETIC  subfunction: 

CALL:  EF_T0_GE0DETIC 

INLIST:  I^EF 

OUTLIST:  LAT_GEOD,  LONG,  ALT 

These  parameters  shall  be  converted  for  output  and  the  longitude 
of  the  ascending  node  shall  be  determined: 

ALTITUDE  = ALT  NAUTMI_PER_FT 
LONGITUDE  = LONG  DEG_PER_RAD 
LATITUDE  = LAT_GE0D  DE6_PER_RAD 
MG_M!M  = ^EF  X V_EF 

ASC_N0DE  = ARCTAN2  (ANGJi.OM,  -ANG_M,0M2)  DEG_PER_RAD 

Interface  Requirements . The  input  and  output  parameters  for  this 
subfunction  are  listed  in  Tables  4. 6. 2-1  and  4.6.2-2,  respectively 

C.  Processing  Requirements . None. 

D.  Constraints.  None 

E.  Suppl ementary  Informati on . A suggested  implementation  of  this  sub 
function  in  the  form  of  a detailed  flow  chart  can  be  found  in 
Appendix  D,  NAVJiONITORJUPPORT, 


4. 6. 2-3 


T/.BLE  4. 6. 2-2:  ONORBIT  USER  PARAMETER  CALCULATIONS  OUTPUT  PARAMETERS 


/ 


■■■  ■ 1 

DESCRIPTION  i 

1 

SYMBOL 

: , ‘"T 

1 OUTPUT  DESTINATION 

1 

TYPE  ' 

PRECISION 

RANGE 

UNITS 

COMPUTATION 

mt 

Time  for  v/hich  orbital  i 

parameters  are  computed  j 

T_C0MP 

ic 

F 

DP 

SEC 

AS  NEEDED 

Flag  which  indicates 
whether  or  not  computations 
k have  been  completed  when 

|.  "future"  parameters  are 

requested 

DO_PREDICT 

i ■ 

ONORBIT  UPP 

BIT 

i 

1 

1 

ON  OFF 

0.5 

j:  Altitude  of  Shuttle  above 

the  reference  ellipsoid 

ALTITUDE  1 

, ★ I 

F 

DP 

NMI  ^ 

0.5 

Longitude  of  the  Shuttle 
^ sub- vehicle  point 

LONGITUDE 

■ ■ ' 

ic 

F 

DP  ■ 

i 

*: 

DEG 

0.5 

Geodetic  latitude  of  the  • 
^Shuttle  sub- vehicle  point 

LATITUDE  1 

. ic  ' ■ ■ 

F 

DP 

DEG 

0.5 

j Longitude  the  ascending 

!,  node  for  the  Shuttle  orbit 

i ■ -1 

ASCJIODE 

: ic  ■ ; ' ‘ ■ ' 

F 

DP 

1 

} 

* 

DEG 

0.5 

<o  ^ 

■ 


* onorbit  user  parameter  processor 'principal  function  output  list 


TABLE  4.6. 2-1 : GNORBIT  USER  PARAMETER 


* onorblt  user  pai 


DESCRIPTION  ] SYMBOL 

5 ' 

Indicates  v/hether  computations  | C0MP_M0DE 
are  to  be  performed  for  the  I 
Shuttle  state  at  the  current  I 
tine  or  at  a future  time  i 

Time  for  v/hich  future  j,  T_PRE0ICT 

o'^bital  parameters  are  ! 

to  be  computed  • | 

Flag  which  indicates  ; D3_PREDICT 

whether  or  not  computations  i 

have  faeen  c-orapleted  when  j 

"future"  parameters  are  i 

recues  led  . : 1 _ 

tn 

^ Integration  Step  Size  • • | DT_PREDICT 


Shuttle  M50  position 
vector  at  time  T_PR£DICT 

Shuttle  M50  velocity  vector 
at  time  T_PREDICT 

Feet  to  nautical  mile 
conversion  factor 

Radian  to  degree  conversion 
factor 

Current  Shuttle  position 
vector 

"Current  Shuttle  velocity 
vector 

Time  tag  for  current  user 
cersmtsr  state  vector 


: RjCOMP 

: TCOMP 

I MAUTMI_PE[^ 
P FT 

■ DEG__PER_RAD 

I R AyGG 

j 

fX^VGS 
I fT^TATE 


APPENDIX  A 

NAVIGATION  VARIABLE  NAMES  AND 
DESCRIPTIONS 


VARIABLES  LIST  DEFINITIONS 


Code  used  for  variable  data  type 
S:  scalar 

V(n):  vector  (dimension) 

i ^ • 

M(n):  square  matrix  (dimension) 
INT:  integer 

BIT:  bit 

CHAR:  character 

STR:  structure 

ARR:  array 

CGordinate  frame  code  and  definition 


Body: 

(structural) 


EF 

M50: 

RW: 

(runway 

coordinates) 


TD: 

(topodetic 

coordinates) 


x:  parallel  to  the  longitudinal  axis  (positive  aft) 

y:  completes  right-hand  system 

z:  perpendicular  to  the  x-axis,.  positive  upward 

Earth-fixed  coordinate  system 
Mean  of  50  reference  coordinate  system 
x:  ; down  runway  centerline  in  direction  of  landing 
y:  completes  right-hand  system 

z : down , normal  to  ellipsoid 

x:  north  • 

Y : east  . 

z:  down,  normal  to' ellipi-»id 

UVW  Quasi-inertial , right-handed  Cartesian  coordinate  system 
u:  along  vehicle  position  vector  (radial ) 

v:  normal  to  u,  in  orbit  plane  (downtrack) 

w:  out  of  orbit  plane,  uxv=w,  (crosstrack) 


A-ii 


APPENDIX  A VARIABLE  LIST 


VARIABLE  name  ^ 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION^  ^ ^ ^ ^ 

ARR(4) 

PAD  . 

N - 

Array  of  coefficients  required  by  the 
RKJaILL  integrator 

A 

ARR{9,2) 

Legendre  functions  array  in  gravitational 
acceleration  calculation  (local  variable) 

ALPHA 

'■S'. 

Angle  of  attack 

ALT 

Altitude  above  ellipsoid 

AM 

INT 

0 

Flag  (ON)  t3  indicate  the  use  of  the 
Adams -Moulton  integration  technique 

AMJABLE^ 

: ARR{8,7) 

0 

M50 

Table  of  derivatives  required  by  the 
Adams-Moul ton  integrator 

, ANGLES_AIF 

CHAR 

AUTO 

AUTO/INHIBIT/EORCE  switch  associated  with 
the  currently  enabled  angles  data  set 

ANNUAL^EE 

^ .■  '..■■’: 

I LOAD 

Variable  used  in.K3  term  of  atmospheric 
density 

AREA 

Vehicle's  cross-sectional  area  for  DRAG 
acceleration  calculations 

Aj^ESID 

. v(3)  " 

M50 

Acceleration  interpolated  to  a specified 
measurement  time 

A SENS 

V(3) 

M50 

Sensed  acceleration  at  current  time 

APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESGRIPTION 

ATFL 

INT 

. ■ ■ "s 

Flag  controlling  use  or  non-use  of  prestored 
attitude  profile,  average  area,  mass* and 
drag  coefficient  of  orbiter  or  target  vehicles 

ATM 

INT 

Attitude  mode  flag,  controls  use  or  non-use 
of  prestored  attitude  profile,  average  area, 
mass,  and  drag  coefficient  of  orbiter  or 
target  vehicle 

ATT_ARRAY 

ARR 

Time  line  array  of  attitude  information 
(dimension  9 by  TBD) 

ATT_FLAG 

■ V 

TNT 

Flag  indicating  vehicle  attitude  mode 

*ATT_M0DE  • • 

I LOAD- 

Acceleration  function  attitude  mode  flag 

AUXILIARY 

. '.V  ■ 

s : . 

Intermediate  variable  in  gravitational 
acceleration  calculations 

AT 

Temporary  variable  Used  in  transition  matrix 
computation 

A2 

'V  S ’ 

Temporary  variable  used  in  transition  matrix 
computation 

A3 

« 

r^  S: 

Temporary  variable  used  in  transition  matrix 
computation 

A4  , 

? s •, 

Temporary  variable  used  in  transition  matrix 
computation 

A5 

"s . s: 

Temporary  variable  used  in  transition  matrix 
computation 

APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL-^ 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION  . 

A6 

Temporary  variable  used  in  transition  matrix 
computation 

A7 

S -v 

Temporary  variable  used  in  transition  matrix 
computation 

A8 

S 

Temporary  variable  used  in  transition  matrix 
computation 

A9 

Temporary  variable  used  in  transition  matrix 
computation 

B 

/ 

PAD 

Array  of  coefficients  required  by  the 
RKJ3ILL  integrator 

B ' 

V{T9) 

Measurement  first  parti als  with  respect  to 
the  filter  state 

BETA 

■ ^ S : 

Angle  of  sideslip 

B _TEMP 

‘ y{3) 

M50 

Temporary  val ue  of  partial  vector  (before 
rotation  to  current  time) 

BIAS_SENSOR 

V(4y 

Filter  estimated  sensor  biases 

BT_E_B 

Variable  used  to  store  the  value  of  the  dot 
product  of  ^ and  EB 

c . 

ARR(4) 

PAD 

Array  of  coefficients  used  by  the  RKJSILL 
integrator 

CD 

s, 

Vehi cl e ' s drag  coeffici ent  for  drag 
acceleration  calculatio..s 

APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE- NAME  : 

DATATYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

WA  ' ; ^ 

V(NUM_C0NF) 

I LOAD 

Constants  used  to  model  drag  coefficient 
(additional  corrective  term) 

CDECl 

. ' s ■ ' 

Sine  of  solar  right  ascension 

CDEC2 

Variable  used  in  K2  term 'of  atmospheric 
density 

• CDF 

V(NUM_C0NF) 

I LOAD 

eonstants  used  to  model  drag  coefficient 
(frontal  area) 

CDN 

V(NUM_C0NF) 

I LOAD 

Constants  used  to  model  drag  coefficient 
(top  area  correction) 

CDS  , ■ " 

V(NUM_C0NF) 

I LOAD 

Constants  used  to  model  drag  coefficient 
(side  area  correction) 

• C_EPS 

Cosine  of  obliquity  of  ecliptic 

CGAMl 

Variable  used  in  K2  term  of  atmospheric 
density 

CGAM2 

S 

Variable  used  in  K2  term  of  atmospheric 
density 

CJNC 

' S 

I LOAD 

. Cosine  of  inclination  of  lunar  orbit  plane 
on  eel i pti c 

C_MN_AN 

S ■ 

' 

Variable  used  in  K2  term  of  atmospheric 
density 

C_MX_AN 

s . , 

Variable  used  in  K2  terrn  of  atmospheric 
density 

APPENDIX  A 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COAS_ANGLEStDIT  OVERRIDE 

BIT 

OFF 

COAS_ANGLES_STAT 

BIT 

OFF 

, COAS_ENABLE 

BIT 

OFF 

COAS_MARK_NUM 

S 

0,0 

:r^  . 

CJDM 

S 

cn 

CONF  ARRAY  V' 

ARR(2,NUM 

CONF) 

I LOAD 

COR 

V(7) 

C0RR_P0WER_  1 

S 

I LOAD 

: / 

CORR_POWERj 

S 

I LOAD 

CQSJSIJ 

S 

COSJSIJ  s 

S 

COS  SOL  RA 

S 

LIABLE  LIST 


(Continued) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


Flag  used  (ON)  to-  oyerride  the  residual 
edit  test  for  COAS  angles  data 

Flag  indicating  (ON)  that  COAS  angles 
data  are  to  be  processed  for  stati si  cal 
display  only 

COAS  angles  ENABLE  flag 

COAS  measurement  mark  counter 

Cosine  of  OMEGA 

Configuration  timeline 


Temporary  vector  used  in  covariance  matrix 
re-initialization 

Variable  used  in  K2  term  of  atmospheric 
density 

Variable  used  in  K2  term  of  atmospheric 
density 

Variable  used  in  . K2  term  of  atmospheric 
density 

Variable  used  in  K2  term  of  atmospheric 
density 

Cosine  of  solar  right  ascension 


APPENDIX  A 


VARIABLE-NAME ; 

DATA  TYPE 

INITIAL 

VALUE 

C0V_ACCEL_B0DYJNIT  ; 

V(3) 

I LOAD 

C0V_C0R_0PS_2 

V(7) 

I LOAD 

C0V_C0R_TV 

;v(7): 

I LOAD 

£0V_C0R_TV_UPDATE  ■ 

:::":-;:"v(7^  : ; : 

I LOAD 

CGV_COR_UPDATE 

V(7) 

I LOAD 

CONST 

s 

C TH 

s 

COORD  VARIABLE  DESCRIPTION 
FRAME 


BODY  Vector  (3x1 ) of  unmodeled  acceleration  bias 

(body  coordinate  system) 

Vector  (7x1)  of  correlation  coefficients 
associated  with  the  UVW  standard  deviations 
^IGJJVW_pPS_2,  used  for  orbiter  position/ 

Vector  (7x1)  of  correlation  coefficients 
associated  with  the  UVW  standard  devi?t''ons 
^IGJTV_UVW,^  target  position/vt  jcity 

covariance  initialization 

Vector  of  eorrelation  coefficients  associated 
with  UVW  standard  deviations  (^IG_TV_UPDATE) 
used  for  target  vehicle  position/ velocity 
covariance  initialization  (ground  update) 

Vector  of  correlation  coefficients  associated 
with  UVW  standard  deviations  (^IGJJPDATE) 
used  for  orbiter  positicn/velocity  covariance 
initialization  (ground  update) 

variable  used  in  the  mean  conic 
partial  calculation 

Scratch  variable  used  in  the  mean  conic 
. partial  calculation 

• Temporary  variable. used  in  transition  matrix 

computation 

Cosine  of  THETA 


APPENDIX  A 


VARIABLE 

DATA  TYPE 

INITIAL 

VALUE 

XI  ■ 

^ X/  : • s 

Cl 

;v-v::s  'X. 

C2 

s 

C2 

s 

C3 

's  ■' 

C4' 

• : - S ' ■ 

C5 

■ s . 

D 

ARR(4) 

PAD 

D 

V(3) 

DA  THRESHOLD 

S 

LIST  (Continued) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


Auxiliary  variable  used  in  F and  6 series 
computations  and  in  Pines'  method 

Cosine  of  prestored  attitude  Euler  angle 
(local  variable) 

Auxiliary  variable  used  in  F and  G series 
computations  and  in  Pines'  method 

Cosine  of  prestored  attitude  Euler  angle 
(local  variable) 

s ' 

Auxiliary  variable  used  in  Pines'  variation 
of  parameters  method 

Cosine  of  prestored  attitude  Euler  angle 
- (local  variable) 

Auxiliary  variable  used  in  Pines'  variation 
of  parameters  method 

Auxiliary  variable  used  in  Pines'  variation 
of  parameters  method 

Array  of  coefficients  used  bythe  RKJGILL 
integrator 

M5.0  Acceleration  due  to  atmospheric  drag 

Threshold  value  for  magnitude  of  sensed 
accel eration 


APPENDIX  A VARIABLE  LIST' (Continued) 


VARIABLE  NAME  ; 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

■ 5 ^ 

Dot  product  of  velocity  vector  and 
perturbing  acceleration  ■ 

^ : S'  ' V ■ - 

V '7  ' 7' 

Number  of  current  day  in  current  year 

OA^NE 

^.'  ^S 

Variable  used  in  K3  term  of  atmospheric 
density 

DiCOE_PCTJRR 

;;:v  ' s :; 

I LOAD 

Percent  error  in  the  drag  coefficient 

DEIq'  ■' 

\ S', 

Measurement  residual 

DELTAT^O 

: s : / : ■ 

Time  interval  between  two  positions  in  a . 
coni c (F  and  G series) 

DEl.TAf  — 

Time  interval  between  two  positions  in  a 
conic  (F  and  G series) 

DELTAIjr 

■■  S'  ■ 

0 

• ' 

Input  integration  step  size  for  prediction 
or  propagation 

DERIV 

ARR(7) 

0 

M50 

Temporary  storage  for  derivatives  required 
for  the  Adams-Moulton  integrator 

C^FIN 

';:^:  V’  ;S  ■ - 

Dot  product  of.  final  position  and  velocity 
vectors,  used  in  F and  G series  (conic 
solution) 

INT 

* 

Flag  indicating  activation  (1)  or  de-acti- 
vation (0)  of  drag  model  (local  variable) 

DIAG 

V(3) 

Scratch  vector 

•APPENDIX  A 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

DIIMUJTCyjPOATE 

■ • BIT 

D_!N 

S 

0 

DISP_DELQ 

V(4) 

0 

DISP_SIG 

V(4) 

0 

DIURN_EFFJ 

S 

I LOAD 

DIURN_EFf^ 

I LOAD 

v;:"s  ' j: 

I LOAD 

DIURN_EFF_4 

s 

I LOAD 

DIURN  EFF  5 

s 

I LOAD 

DIURN_EFF_6 

s 

I LOAD 

DM 

INT 

0 

LIST  (Continued) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


Flag  indicating  (ON)  that  an  auto  update 
has  been  performed 

Dot  product  of  the  integrated  initial 
position  and  velocity  vectors 

Display  measurement  residual  for  the  I'th 
measurement  type,  1=1,4 

Display  residual  edit  ratio  for  I'th 
measurement  type,  1=1,4 

Variable  used  in  K2  term  of  atmospheric 
density 

Variable  used  in  K2  term  of  atmospheric 
density 

Variable  used  in  K2  term  of  atmospheric 
density 

Variable  used  in  K2  term  of  atmospheric 
density 

Variable  used  in  K2  term  of  atmospheric 
density 

Variable  used  in  K2  term  of  atmospheric 
density 

Flag  to  indicate  choice  of  models  for 
accelerations  due  to  drag 


APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

ujmm  ■ : 

S 

Difference  in  mean  anomalies,  used  to 
solve  Kepler's  equation 

DNM' 

S 

■ Auxiliary  variable  in  gravitational 
acceleration  calculations 

D0_AUT0_UPDATE 

BIT 

OFF 

Flag  indicating  (ON)  that  an  auto  inflight 
update  is  to  be  performed 

DO_COAS_ANGLES_NAV 

BIT 

OFF 

On-off  switch  indicating  (ON)  that  COAS 
angles  data  has  been  selected  for  processing 

DO_COAS_ANGLES_NAV_LAST 

BIT 

OFF 

On-off  switch  indicating  (ON)  that  COAS 
angles  data  was  selected  for  processing  on 
the  last  filter  cycle 

Dot  product  of  position  and  velocity  vectors 
for  transition  matrix  computation  and  F and 
G series 

DO_RR_ANGLES 

BIT 

OFF 

Flag  indicating  (ON)  that  reridezvous  radar 
angles  data  are  to  be  processed 

DO_RR_ANGLES_NAV 

BIT 

OFF 

On-off  switch  indicating  (ON)  that  rendezvous 
radar  angles  data  has  been  selected  for 
processing  ’ ■ 

DO_RR_ANGLES_NAV_LAST 

BIT 

OFF 

ON-off  switch  indicating  (ON)  that  rendezvous 
radar  angles  data  was  selected  for  processirig 
on  the  last  filter  cycle 

DO^RDOTJAV 

’ BIT 

OFF 

On-bff  switch  indicating  (ON)  that  rendezvous 

radar  range  and  range  ri-te  data  has  been 
selected  for  processing 


APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

DO_RRDOT_NAV_LAST  . 

- ■ ' ' r / ^ i ■ ■ y.  - "V  ” : - 

BIT 

OFF 

On-off  switch  indicating  (ON)  that  rendezvous 
radar  range  and  range  rate  data  was  selected 
for  processing  on  the  last  filter  cycle 

O0_ST_ANGLES_NAV 

BIT 

OFF 

On-off  switch  indicating  (ON)  that  startracker 
angles  data  has  been  selected  for  processing 

DO_ST_AtSLES_NAV_LAST 

BIT 

OFF 

On-off  switch  indicating  (ON)  that  startracker 
angles  data  was  selected'  for  processing  on  the 
last  filter  cycle 

^DT 

S 

Temporary  storage  for  step-size  used  state 
vector  propagation 

DJAU 

S 

Dot  product  of  position  vector  and  perturbing 
acceleration 

DT_FILT 

S ■ 

Interval  over  which  to  propagate  the  state 
vector 

D_TW0 

S 

Dot  product  of  position  and  velocity  vectors 
for  transition  matrix  computation  and  F and  G 
series 

D0Y_EFF  . 

V(38) 

I LOAD 

Array  used  in  'K3  term  of  atmospheric  density 

DT_FILT 

S 

Interval  over  which  to  propagate  the  covariance 
matri x 

DTSO 

S 

Time  interval  over  which  state  vector  inter- 
polation is  to  be  performed 

DTJ)NORBIT_NAV 

S 

I LOAD 

Sequencing  time  interval  for  onorbit  naviga- 
tion during  onorbit  coast  phase 

2L-V 


APPENDIX  A •' 


ll 


VARIABLE  NAME  DATATYPE  INITIAL 

• VALUE 

i S I LOAD 

! ■ * ■■ 

I / ■ : ';■.  ■ ' ■ ■ '.'■  "■ 

it  . DT_REND_NAV  S I LOAD 

[;• 

I . . DT_REND_PWRD_FLT  S I LOAD 

DT_REND_TPF_NAV  S I LOAl3 

DT^fEP  i;:  ; . i V;:  ; ■ ^ ;0  : 

D:Two- - --s"  ; 


Dy 

V(3) 

DV^FILT 

V(3) 

' r : ' 

M(19) 

EARTH  MU 

S 

I LOAD 

LIST  (Continued) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


Sequencing  time  interval  for  onorbi ting 
navigation  during  onorbit  powered  flight 
phase 

Sequencing  time  interval  for  rendezvous 
navigation  during  rendezvous  coast  phase 

Sequencing  time  interval  for  rendezvous 
navigation  during  rendezvous  powered 
flight  phase 

Sequencing  tiifie  interval  for  rendezvous 
navigation  during  TPF  stationkeeping 
. phase 

Integration  step  size  for  prediction  or 
propagation 

Dot  product  of  position  and  velocity 
vectors  for  transition  matrix  computation 
and  F and  G series 

M50  Temporary  storage  for  difference  in  accumu- 

lated IMU  sensed  velocities  - 

M50  Difference  between  accum.ulated  sensed  IMU 

readings  on  present  cycle  and  previous  cycle 

VARY  Filter  covariance  matrix 

Gravitational  constant  of  the  earth 


APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATATYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

|ARTH_P0LE  ' 

M{3) 

I LOAD 

:M5(y 

Unit  vector  in  di recti on  of  earth ' s axi s 
of  rotati on  ^ ; 

EARTH_RADIUS_EQUATOR 

S 

I LOAD 

Earth  equi tori al  radius 

EARTH_RADIUS_GRAV 

S 

I LOAD 

Earth  radius  used  for  gravitational 
acceleration  calculations* 

EARTH_RATE 

S 

I LOAD  . 

Earth ' s angul ar  rotati on  rate 

EB_C0PY  ■ 

V(19) 

Covariance  matrix  times  partial s vector 

EDIT_FLAG 

INT 

Four- valued  svn’tch  (forced,  processed,  stat, 
off)  used  to  indicate  v;hether  the  filter 
processed  sensor  measurement  data  that  v/as 
forced,  auto-selected,  or  inhibited,  or  not 
■processed 

M(6) 

M50  ■ 

Filter  covariance  matrix  (6  x 6)  saved  acros 
a memory  transition 

•ELLIPT:  ; 

- S"  ^ 

I LOAD 

Earth  ell ipti city  constant 

EPSILON 

s 

Obliquity  of  the  ecliptic 

EPS_KEP 

s 

Tolerance  for  successive  iterations  in  the 
solution  of  Kepler's  equation 

EPSjriME 

V(3) 

Array  of  sensor-related  tolerances  for 
SV  INTERP 
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APPENDIX  A 


VARIAELE  NAME  V --  DATATYPE  INITIAL 

■ VALUE 


EPS_VRB  . 

EPS! 

EPS2 

EPS3 

EPS4 

ERR 

E_TEMP 

EV 

EXP_SHAPE_FACTOR 

f” 

FACTOR 


S I LOAD 

S ■ I LOAD 
S I LOAD 

S I LOAD 

S I LOAD 

:S;: 

M{6) 

V(3) 

V(NUM_  I LOAD 

CONF) 

S 

S 


FOOT 


LIST  (Continued) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


Tolerance  for  Z-component  of  relative 
velocity  vector;  in  body  coordinates^ 

Tolerance  for  Z local  vertical  body 
position  acceptance 

Tolerance  for  X local  vertical  body 
position  acceptance 

Tolerance  for  an  inertial  hold  body 
position  acceptance 

Tolerance  for  inertial  with  rate  hold 
body  position  acceptance 

Auxiliary  variable  used  in  F and  6 
series  (cohic  solution)  computations 

M50  Temporary  matrix  (6  x 6)  used  for 

covariance  reinitialization 

BODY  . Unit  vector  in  the  direction  of  the 
eigen-axis 

Exponential  shaping  factors  for  drag 
coefficient  model 

Closed  form  version  of  F time  series 

Secant  of  solar  declination 

Closed  form  version  of  time  derivative  of 
F and  G series  ‘ 


VARIABLE  NAME 


APPENDIX  A VARIABLE  LIST  (Continued) 


DATA  TYPE  INITIAL ^ COORD 
■ VALUE  • FRAME 


VARIABLE  DESCRIPTION 


FIFTY  ' ■ 

FILT^PDATE 

FMi:  ’ 

F2 

F3 

:Hr-  ■ 

G- 

GD  V - 

GDMl  - 

6D0T‘ 


M(3)  Transformation  matrix  EF  to  M50 

' BIT  OFF s Svntch  indicating  (ON)  that  current 

navigation  cycle  is  complete 

; Auxiliary  variable  (F-1.) 

S Auxiliary  variable  in  gravitational 

acceleration  calculations 

Auxiliary  variable  in  gravitational 
accel eratich  calculations 

^ ' Auxiliary  variable  in  gravitational 

acceleration  calculations 

S ^ Auxiliary  variable  in  gravitational 

■ acceleration  calculations 

S Term  in  F and  3 series  (conic)  respre- 

sentation  (local  variable)- 

V(3)  _ M50  Gravitational  acceleration 

I NT  Flag  specifying  degree  of  gravitational 

acceleration  model  (local  variable) 

Temporary  variable  G dot  minus  1 

S Closed  form  version  of  time  derivative  of 

F and  G series 


GD  TAU  S . Perturbation  derivative  of  GDOT 


APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

GE0HAG_DI STURB_CORRECT 

S 

Geomagnetic  disturbance  correction  in- 
atmospheric  density  calculation 

GMD 

INT 

s..  ■ ■ ■ ■ 

Flag  indicating  the  degree  of  the 
gravitational  potential  model  (local 
, variable) 

GM_DEG 

S 

I LOAD 

’.  Flag  indicating  degree  of  gravitational 
■ potential  model 

GMO  • 

INT 

Flag  indicating  the  order  of  the  gravita- 
tional potential  model  (local 'Variable) 

GM_DE^0W 

INT 

I LOAD 

Lowest  degree  used  in  calls  to  the 
■ acceleration  function  (gravity  model ) 

INT 

Flag  indicating  the  order  of  the  gravita- 
tional potential  model 

S;  : -V 

I LOAD 

Flag  indicating  order  of  gravitational 
potential  model 

GM_ORD_LOW 

I LOAD 

Lowest  order  of  potential  model  in  calls  to 
the  accel eV'ation  function 

G _:NEW 

■■V(3)v:: 

M50 

Orbiter  acceleration  vector 

GO 

..-r.  . 

:■:■■■  : INT  ;■ 

‘ Flag  indicating  order  of  gravitational 
potential  model  (local  variable) 

GRJNT 

: ;:v:(3):';^ 

M50 

Intermediate  value  of  acceleration  used 
in  super-G  integration 

GR_NEW 

M50 

Local  value  of  modeled  acceleration  used 

super-G  integrator 
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VARIABLE  name 

DATA  TYPE 

INITIAL 

VALUE 

G _TV'.'  - 

V(3) 

G_TV_LAST 

V(3) 

HANG, 

S 

HORIZ  ■ 

S' 

I 

INT 

lATM 

INT 

IDM 

INT 

ID_MATRIX_3X3 

M(3) 

I LOAD 

IDRAG 

INT 

IGD 

INT 

IGO 

INT 

IABLE-LIST — { Conti  nued ) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


M50  Target  vehicle  total  acceleration  vector 

(Ml  950) 

M50  Target  vehicle  total  acceleration  vector, 

■ ' last  value 

Angular  displacement  about  the  eigen-axis 

Filter  estimate  of  the  horizontal  angle 
measurement 

Counter 

Attitude  mode  flag,  controls  use  or  non-use 
of  prestored  attitude  profile,  average  area, 
mass,  and  drag  coefficient  of  orbiter  or 
. target  vehi'cle 

Flag  indication  the  activation  (1)  or  de- 
activation (0)  of  the  drag  model  (local 
variable) 

Three  by  three  identity  matrix 

Drag  mode  flag  used  by  the  state  propagation 

Temporary  storage  of  indicator  of  potential 
degree.,  used  in  state  propagator 

Temporary  storage  of  indicator  of  potential 
■ model  order  tised  in  stats  propagator 


APPENDIX  A VARIABLE  LIST  (Conti nued ) 


VARIABLE  NAME  : 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

V(3) 

M‘50 

An  arbitrary  coordinate  unit  axis 
expressed  in  mean  of  1950 

IliTERM 

V(3) 

Vector  of  intermediate  quantities 
in  lunar  ephemeris  calculation 

X_RH0 

V(3) 

0.0  ■ 

M50 

Unit  line  of  sight  vector 

IVENT 

INT 

Temporary  value  of  venting  mode  flag,  used 
in  state  propagator 

IVH 

INT 

Flag  indicating  activation  (1)  or  de-activa- 
tion (0)  of  the  venting  and  RCS  uncoupled 
thrusting  model  (local  variable) 

J • 

INT 

Counter  ' 

K 

INT 

Integer  counter 

K_RESID_EDIT 

S 

I LOAD  ' 

Residual  edit  scale  factor  (squared) 

kt;'  ' -if:;:' 

■'  '.S  ' 

■ 

Solar  radiation  term  in  atmospheric  density 

K2 

s 

Diurnal  bulge  term  in  atmospheric  density 

K3 

■■  ':s 

Semi-annual  effect  term  in  atmospheric 
density 

K4 

' S ■ ■ ' 

Geomagnetic  effect  term  in  atmospheric  density 

L 

INT 

Integer  counter 

6 L-V 
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VARIABLE  NAME t 

D^^  INITIAL 

; -J  value 

'M  • : 

M(3) 

MAG^LEFF  : ‘ 

‘ S L 

I LOAD 

MANUAL_EDIT_pVERRIDE 

MAX_NUOENT 

I LOAD 

MAX_pENS_ANGLE  ^ 

: -S  t ■ : 

I LOAD 

MirpENS_ANGLE  • f : 

.v:;;  V 

I LOAD 

MMBOBODY,^  ■ : 

o: 

MpONJ\UXIL  ^ - 

V{3) 

jCON_fONST  ^ 

V(3) 

I LOAD 

V(3) 

I LOAD 

|C0^tPARAW^ER0 

V(3) 

I LOAD 

MS  DELQ  . 

■ : L s'^  ' 

LIST  (Continued) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


General  matrix  used  as  temporary  array 

Variable  used  in  K4  term  of  atmospheric 
density 

Copy  of  the  manual  edit  override  flag  of 
the  sensor  data  type  currently  being, 
processed  that  is  sent  to  the  filter 

Maximum  number  of  vent  sources  allowable 

Angle  to  earth's  atmospheric  bulge 
(Russian  density  model) 

Angl e to  reference  poi nt  i n atmosphere 
(Russian  density  model) 

Transformation  matrix  from  M50  to  body 
system  ( K represents  the  sel ec ted  matri x 
by  IMU-RM) 

Vector  of  auxiliary  values  in  computation 
of  lunar  ephemeris 

Vector  of  constants  for  calculation  of 
THETA 

Coefficient  of  first  order  term  in 
development  of  M00N_AUXIL 

Constant  term  in  development  of 
WN_AUXIL 

Variance  of  computed  sensor 
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VARIABLE  NAME  DATA  TYPE  INITIAL 

VALUE 


f^EMp  ' ; Ir 

M(3) 

N _ACCEPT 

:::a 

NIGHT_PROFJ 

s 

I LOAD 

NIGHT_PR0F_2 

s 

I LOAD 

NIGHT_PR0F_3. 

s 

I LOAD 

N0IS£_R 

' s ■ . 

N0ISE_RV 

vivi  r :;s  U 

N _REJECT 

N_STEPS 

0 

NUM_ATT 

. INT 

I LOAD 

NUM  CONF 

INT 

I LOAD 

LIST  (Continued) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


Temporary  3 x 3 matrix  (local  variable) 

Counter  for  the  number  of  data  marks,  for 
the  I 'th  measurement  type,  v/hich  have  been 
utilized  to  update  the  navigation  state 
vector,  1=1 ,4  , 

Constant  used  in  night  time- altitude- 
density  profile  ‘ . 

Constant  used  in  night  time  altitude- 
density  profile 

Constant  used  in  night  time  altitude- 
density  profile 

Noise  disturbance  added  to  position 
element  variances 

Noise  disturbance  added  to  position  - 
velocity  correlation  variances 

Counter  for  the  number  of  data  marks,  for 
the  I ‘th  measurement  type,  which  have  been 
edited  by  the  navigation  filter,  1=1,4 

Number  of  integration  steps  in  the 
prediction  or  propagation  interval 

Number  of  data  sets  contained  in  pre-stored 
attitude  profile 

Number  of  configurations  of  orbiter  for  drag 
acceleration  calculations 


It  LIST  (Continued) 


COORD  VARIABLE  DESCRIPTION 

:frame 


Number  of  time  points  in  the  vent  time 
line  for  each  vent 

Integer  counter  (local  variable) 

Longitude  of  ascending  node  of  lunar  orbit 
: :On  ecliptic  v 

Kalman  gains  vector 

Coefficient  of  first  order  term  in 
development  of  OMEGA 

Constant  term  in  development  of  OMEGA 

used  in  sol  ving  Kepler’  s • 
equation  (F  and  6 series) 

Signal  to  MSC  indicating  (COMPLETE)  initial- 
ization of  user  parameter  state  propagation 
quantities  is  complete 

Flag  set  by  ground  uplink  processor  indicat- 
ing (ON)  that  an  orbiter  vehicle  stats  vector 
has  been  uplinked 

Local  variable  used  in  the  RK-GILL  integrator 

M50  Perturbing  acceleration  (Pines'  method) 

State  transition  matrix  for  Space  'Shuttle 
from  state  at  previous  filter  time  to  state 
at  current  time 


APPENDIX  A VARIABLE  LIST  (Conti  nuined) 


VARIABLE  NAME 

DATA  TYPE 

initial" 

: VALUE 

- COORD 

::frame 

VARIABLE  DESCRIPTION 

• PHI_MC  _ 

M(9) 

Patch  transition  matrix 

PHLJPATCH^^  ^ 

.M(3) 

■ »w  ■ ■ 

Transition  matrix  for  converting  from 
time  of  measurement  to  current  time 
(for  Space  Shuttle) 

v j 

PHI_REND  ;v 

State  transition  matrix  for  target  vehicle 
from  current  state  to  state  computed  at 
measurement  time 

PHI_REND__PATCH 

Transition  matrix  for  converting  from 
time  of  measurement  to  current  time 
(for  target  vehicle) 

PREC_STEP 

I LOAD 

Integration  step  size  for  precision 
prediction 

PWRD_FLT_NAV  • ‘ 

• BIT 

OFF 

Flag  indicating  use  of  pov/ered  flight 
propagatOr(ON),  or  coasting  flight 
propagator  (OFF) 

Q 

ARR(7) 

0 

Local  array  used  in  the  RK-GILL  integrator 

QJiORIZ 

Measurement  from  horizontal  measurement 
sensor 

Q_PRIME 

BIT 

0.0' 

Computed  measurement 

Q RR  Rendezvous  radar  shaft  measurement  angle 


Rendezvous  radar  trunnion  measurement  angle 


QJERT  ^ ^ ^ S 


Vertical  measurement  from  sensor 


APPENDIX  A VARIABLE  LIST  (Continued) 


p o 

td 

►d  S 
pg 

fd  g 

g P 

VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

RAD^FF 

V(3) 

I_  LOAD 

M50 

Temporary  M50  position  vector 

Variable  used  in  K1  term  of  atmospheric 
density 

R _CHECi^T 

M50 

Orbiter  position  vector  (M50)  saved  via 
CHECKPOINT  specialist  furtction 

RCS 

BODY 

Acceleration  vector  due  to  RCS  thrusting 

^S_BBQ 

V(3) 

I LOAD 

BODY 

Uncoupled  thrusting  acceleration  due  to 
an  inertial  with  rate  hold 

A-23 

RCSJNH^^^^ 

^ ^ V(3) 

I LOAD 

BODY 

Uncoupled  thrusting  acceleration  due  to 
an  inertial  hold 

I LOAD 

BODY 

Uncoupled  thrusting  acceleration  due  to 
an  X-local- vertical  hold 

, « . 

X:V':;':J^S^LV::^;: 

V(3) 

I load' 

BODY 

Uncoupled  thrusting  acceleration  due  to 
the  Z local  vertical  body  position 

‘ - ;■ ' R _EF;  :v;v:  v:^:' 

EF 

Position. vector  in  earth  fixed  coordinates 

REFJ\REA 

I LOAD 

Average  cross-sectional  areas  of  orbiter 
(1=1)  and  target  vehicle  (1=2) 

^F_CD 

I LOAD 

Average  drag  coefficients  of  orbiter  (1=1) 
and  target  vehi cl e ( 1=2) 

^F_MASS 

V(I) 

I LOAD 

Reference  masses  of  orbiter  (1=1)  and  of 
target  vehicle  (1=2) 

APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME  , 

DATATYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

RENd^AV_FLAG 

BIT 

OFF 

Flag  indicating  whether  navigation- 
rendezvous  in  operation  (ON),  or 
navigation-onorbit  in  operation  (OFF) 

RENDJTEP 

S 

I LOAD 

Step  size  used  by  the  precision  propagator 
during  rendezvous 

RESID_TEST 

S 

Scaled  value  of  variance  for  comparison 
with  measurement  deviation  squared  (DELQ^) 

R _FILT 

V(3) 

, . . • . . . 

M50 

Orbiter  position  vector  (M50) 

R_FILT_INIT 

V(3)  ■ 

M5G 

Orbiter  position  vector  saved  across 
memory  .reconfiguration  and  used  for 
navigation  initialization 

: : ^ 

V(3) 

0 

M50 

Orbiter  or  target  position  vector  at  T_FIN 

Reciprbcal  of  the  magnitude  of  the  final 
positibn  vector  (F  and  G series) 

R^ND 

V(3) 

M50 

Uplinked  orbiter  position  vector  (H1950) 

RHO 

S 

Atmospheric  density 

RHO_PLANE  . 

V(3) 

M50 

In  plane  component  of  line  of  sight 

R_IN 

S 

0 

Absolute  value  of  the  integrated  initial 
positibn  vector 

R IN 

V(3) 

M50 

Position  vector  at  the  beginning  of  a time 

interval  (F  and  6 series) 


LIST  ( Continued  ) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


Reciprocal  of  magnitude  of  position  vector 

Auxiliary  variable  used  in  Pines'  variation 
of  parameters  calculations 

Reciprocal  of  the  magnitude  of  the  integrated 
initial  position  vector  (F  and  G series) 

Auxiliary  variable  used  in  Pines'  method 

M50  Position  vector  of  orbiter  at  the  end  of 

the  last  filter  cycle 

Range  data  good 

Distance  term' in  gravitational  acceleration 
calculations 

M50  Position  vector  at  the  beginning  of  an 

interpolation  interval 

Inverse  of  magnitude  of  a position  vector 

Distance  term  in  gravitational  acceleraxion 
calculations  • 

Flag  indicating  processable  data  from  the 
rendezvous  radar  angle  measurements 

Rendezvous-radar  angle  (shaft  + trunnion) 
mark  counter 


APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

RONSLES^EDIIMDVERRIDE 

INT 

ON-OFF  switch  used  (ON)  to  override  the 
automatic  editing  of  rendezvous  radar 
angl es  data 

RR_ANGLES_ENABLE 

BIT 

OFF 

Rendezvous  radar  angles  ENABLE  flag 

Riy\NGLES^TAT  ^ 

BIT 

OFF  • 

Flag  indicating  (ON)  that  rendezvous  radar 
angles  data  are  to  be  processed  for  — 

statistical  display  only 

RRDOT^DI'yjVERRlDE 

BIT 

OFF 

Flag  used  (ON)  to  override  the  residual 
edit  test  for  rendezvous  radar  and  range 
rate  data 

RRDQ-yiAROyM  ; 

S 

0.0 

Rendezvous  radar  range-range  rate, measurement 
mark  counter 

RRDOT^TAT  ‘v 

BIT 

OFF 

Flag  indicating  (ON)  that  rendezvous  radar 
range  and  range  rate  data  are  to  processsed 
for  statistical  display  only 

a_3ESET 

V(3) 

M50 

Orbiter  vehicle  position  vector  after  all 
navi gati bn  updates , reserved  for  reset  of 
user  parameter  state  propagator  position 
vector 

R J^ESID  : 

V(3) 

M50 

Ml 950  orbiter  position  vector  interpolated 
to  measurement  time 

R_RH0  > 

V(3) 

M50 

Line  of  sight 

R_RH0_MAG  : 

BIT 

0.0 

Length  of  line  of  sight  vector 
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VARrABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

R ^UP 

V(3) 

R _TV 

^ ^/(3) 

I LOAD 

R _JV_GND 

• 

R_TV_LAST 

R_TV_RESET 

V(3) 

R_jilO 

R_TW0_INV  ■ 

is;' 

C:  : 

M(6) 

SA 

SB  ■ 

■’  ''S''  ■: 

SDEC- 

SENS0R_BIAS 

V(^^ 

4 


LIST  (Continued) 


COORD  VARIABLE  DESCRIPTION 
FRAME 


M50  Position  vector  updated  by  the  super-G 

integrator 

M50  MT950  target  vehicle  position  vector 

M50  Uplinked  Ml 950  target  vehicle  position 

vector  at  TJTVJSND 

M50  Target  vehicle  position  vector,  last  value 

M50  Target  vehicle  position  vector  after  all 

navigation  updates,  reserved  for  reset  of 
user  parameters  state  propagator  position 
vector 

M50  Position  vector  at  the  end  of  an  interpolation 

interval 

Inverse  of  the  raagni tude  of  ^ _TW0 

Disturbance  matrix  (9X9)  for  Space  Shuttle 
covariance  propagation 

•Square  of  sine  of  angle  of  attack 

Absolute  value  of  the  sine  of  the  sideslip 
angle 

Sign  of  solar  declination 

M50  General  systematic  sensor  biases  part  of 

. state  vector 
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appendix  A variable  list  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL  COORD 

VALUE  FRAME 

VARIABLE  DESCRIPTION 

SENSOR_DELQ 

V(4) 

SENSOR_EDIT 

' ARRAY (CHAR) 

Five  valued  parameter  def i ni ng  use  of  the 
I'th  measurement  data  by  the  navigation 

• ■ : - ' filterv  1=1,4. 

^ ^ ^ ^ ^ edit  test 

■ OFF-  no  processing  attempted 

PROCESSED  - accepted  by  residual  edit  test 
and  used  to  update  state  vector 
STAT  - used  to  generate  display  parameters 
FORCED  - used  to  update  state  vector  as  a 
result  of  manual  edit  override 

SENS0R_ID  . . I NT  Identifier  of  the  sensor  measurement  being 

processed,  used  in  state  vector  interpola- 

^ ^ ■ tion  ' , 

SENSOR_RESID  V(4)  0 Measurement  residual  for  the  I'th  measure- 

ment type,  1=1,4 

SENSOR_RESID_TEST  V(4)  0 . Value  of  the  criterion  used  in  the  navigation 

filter  for  residual  edit  test  for  the  I'th 
measurement  type,  1=1,4 

S_EPS  " Sine  of  obliquity  of  ecliptic 

^EQ_ACCEPT  V{4)  • £ Number  of  sequential  sensor  marks,  for  the 

I'th  measurement  type,  processed  by  the 

• • navigation  filter,  1=1,4 

^EQ_REJECT  V(4)  0. Number  of  sequential  sensor  marks,  for  the. 

I'th  measurement  type,  edited  by  the  naviga- 
tion filter,-  1=1,4 


APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

SGAMl 

\;.S  - ■ " ■ 

Variable  used  in  K2  term  of  atmospheric 
density 

S6AM2 

Variable  used  in  K2  term  of  atmospheric 
density 

::;-SHFT r 

Estimate  of  the  rendezvous  radar,  shaft 
measurement 

SIG 

V(6) 

uvw 

Temporary  vector  used  in  covariance  re- 
initialization 

SIT_RR_RNG 

:;L ■ 

0.0 

One  sigma  value  of  the  rendezvous  radar 
range 

SIGjrVJJPDATE 

■ v(6) 

I LOAD 

uvw 

Vector  of  standard  deviations  for  target 
vehicle  position/velocity  covariance 
initialization  (ground  update) 

SIG_TV_UVW 

V(6) 

I LOAD 

uvw 

Vector  (6X1)  of  standard  deviations  (UVW) 
for  target  vehicle  position/velocity 
covariance  initialization 

SIGJJPDATE 

V(6) 

I LOAD 

uvw 

Vector  of  standard  deviations  for/orbiter 
position/velocity  covariance  initialization 
(ground  update) 

SIG_UVW_0PS_2 

V(6) 

I LOAD 

uvw 

Vector  (6X1 ) of  standard  deviations  (UVW)  for 
orbiter  position/ velocity  covariance  initial- 
ization ’ - 

j 


VARIABLE  NAME 


APPENDIX  A VARIABLE  LIST 


DATA  TYPE  INITIAL  COORD 
VALUE  FRAME 


(Continued) 


VARIABLE  DESCRIPTION 


sjm 

s 

I load 

SIN  SOL  RA 

y^;’-:S,:^ 

SLOP^I^R_RNG 

0.0  • 

s^y  ■: 

S MN  AN 

y \:'Sv  : y - y 

;s  i ::  y y 

^i^uxiL ; ■ ^ y : ' i 

V(4) 

isoi^ONG  ; :y;  y ly^ 

i/  y s":y 

;Spl^p\Md^iRST  • y 

V(4) 

I LOAD 

^L;:fARAMyZERO 

V{4)’ 

I LOAD 

S'0L_RAD_EMIT_C0RRECT 

; yiS; 

sol_7ruonom 

s m 

■ y-  '-s 

Sine  of  inGlination  of  lunar  orbit  plane  on 
ecliptic 

Sine  of  solar  right  ascension 

Slope  used  to  compute  the  one  sigma  value 
of  the  rendezvous  radar 

Semi-major  axis  of  conic 

Variable  used  in  K2  term  of  atmospheric 
density 

Variable  used  in  K2  term  of  atmospheric 
density 

Orbital  elements  of  the  sun 

Longitude  of  the  sun 

Rate  of  change  of  the  orbital  elements 
of  the  sun 

Orbi tal  el ements  of  the  sun  at  the 
beginning  of  the  year  ' 

Solar  radiation  correction  in  atmospheric 
density  calculation 

True  anomaly  of  the  sun 


Sine  of  OMEGA 
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SQ  v;--;  :;s  ,■  , 

:SQ5^Hu ; : ■ 

STJ\N6LES^DITJ)VERRIDE^^^  BIT  ■ OFF 

BIT  : k OFF 

BIT  k ^)F^ 

S.;: 

S 0.0 

INT 

SO  : • : • •::  -S^^^": 


ST_  ENABLE 
S_TH  • 
STJ4AROUM 
STAT  FLAG 


SI 


S 


LIST  ( Continued) 


COORD  VARIABLE  DESCRIPTION 
IFRAME 


Scalar  part  of  quateri on  used  in  attitude 
matrix  determination  : 

Square-root  of  EARTHJIU,  used  in  onorbit 
pred/prop  integration  (Pines' ) method 

Disturbance  matrix  (10X10)  for  rendezvous 
target  and  sensor  biases  covariance 
propagation 

Sine  of  solar  longitude 

Flag  used  (Oli)  to  override  the  residual 
edit  test  for  star  tracker  angles  data 

Flag  indicating  (ON)  that  star  tracker 
angles  data  are  to  be  prccessed  for 
statistical  display  only 

Star  tracker  angles  ENABLE  flag 

Sine  of  THETA 

Star  tracker  measurement  mark  counter 

,/ 

Copy  of  the  stat-flag  associated  vnth  the 
measurement  type  currently  being  processed 

Auxiliary  variable  used  in  F and  6 series 
computations 

Auxiliary  variable  used  in  F and  G series 
computation  and  in  Pines'  method 


APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME  ; . 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE-DESCRIPTLON 

Tjnm : : 

L-;S- 

I LOAD 

Time  of  last  IMU  alignment 

■n\NGLES 

'Vs. 

■■  ■:  ' ■ >■..■■  : 

Time  tag  for  the  angle  type  m.easurements 

TARG_VEC_AVAIL 

m 

I LOAD 

Flag  indicating  (ON)  the  availability  of 
a target  vehicle  state  vector  and  time  tag 
for  reinitialization  purposes 

TAU__COASJ\NGLES 

: : v(2) 

I LOAD 

Time  constant  for  the  COAS  angles  sensor 

TAU_RFU\NGLES 

I LOAD 

Correlation  time  constant  for  the  rendezvous 
radar  angl e measurements 

TAU_RRD0T 

I LOAD 

ECRV  correlation  time  vector  for  rendezvous 
range  and  rahge  rate 

TAU__5ENS 

General  correlation  time  constant  for 
sensors  • 

TAU_ST_ANGLES 

, I LOAD 

Correlation  time  constant  for  startracker 
measurements 

TAU_VENT  , 

V(3) 

I LOAD 

COrrel ati on  time  for  body  venting 

T_CHECK_PT- 

: -l/' 

Time  tag  of  0,rbi ter  state  vector  saved  via 
CHECKPOINT  specialist  function 

T_CUR 

::'S 

0 

Current  integration  time  within  the 
predictor  or  propagator  ' 

Time  of  current  filter  state  vector 

LPIF 

Time  difference  over  which  X _iMC‘__DIF  is 
computed 

APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE 

DATATYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

;^-:0  ' ' : 

V(3) 

0- 

A temporary  scratch  variable  . 

T_FIN 

0.  • 

Final  time  at  end  of  prediction  or 
propagation  ' 

■ /^ND 

■rv  ' ..'• 

Uplinked  time  tag  of  orbi ter  state  vector 
(R  _GND,V  _GND)  ' 

■■  'theta 

s 

Angle  from  mean  ascending  node  of  lunar 
orbit  to  the  moon  (local  variable) 

THETA 

: / ' ; ■ ■■  ’ 

s 

Difference  in  eccentric  anomaly 

imikjM 

s 

Correction  to  THETA  in  the  solution  of 
Kepler's  equation 

TJN 

■■^■VS'.'- 

0. 

Initial  time  input  for  onorbit  prediction 
or  propagation 

T_INITIAL 

* 

Attitude  mode  switching  time 

TJ.AS1^ILT 

/ Ls  .. 

Time  tag  of  V _LAST_FILT>  & of  filter  state 
at  last  navigation  cycle 

T_LAS-n^IL'^pT  ^ 

;s. 

Time  tag  of  navigation  initial izatfon  data 
carried  across  memory  reconfiguration 

V(3) 

M50 

Vector  of  orbiter  total  acceleration  (M1950) 

TpTj\CG__LAST^^^^^^  ^ 

V(3) 

- ' 

, M50 

Value  of  T0T_ACC  at  the  end  of  the  previous 
cycl  e 

T REND  RADAR  r 

Time  at  which  the  rendezvous  radar  is 

"snapped 


'appendix  A variable  list  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

: INITIAL 
VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

T_RESET 

.S' 

Time  associated  with  reserved  reset  state 

TJRESID 

' s ■ ' 

Time  tag  of  interpolated  state  vector 

TRUN 

s 

Estimate  of  the  rendezvous  radar  trunnion 
measurement 

TJTOR  L 

s 

Initial  time  of  each  Runge-Kutta  integra- 
tion Step 

/TJV  ' ; 

s 

Time  tag  of  target  vehicle  state  vector 

Tj’VjaND 

s 

Uplinked  target  state  time  tag 

Tjwo  ; V 

s 

Time  tag  of  state  at  end  of  interpolation 
interval 

TV_UPLINK 

BIT 

OFF 

Flag  set  by  ground  uplink  processor  indi- 
cating (ON)  that  a target  vehicle  state 

vector  has  been  uplinked  V 

n ' 

s 

• • 

Time  since  the  beginning  of  the  year,  in 
Julian  Centuries  _ 

. U _M 

V(3) 

SENSOR 

AXES 

Line  of  sight,  in  sensor  system 

m 

V(3) 

:;:EF:  : ' 

Unit  earth  fixed  position  vector  . 

U _RDOT 

V(3) 

0.0 

M50 

UR  MOON 

V(3) 

M50 

Earth  to  moon  unit  vector 
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APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

UR_SUN  • 

':ry 

M50 

Earth  to  sun  unit  vector 

:'\BIT  ;;  -''t: 

OFF- 

Flag  indiGating  usage  of  IMU  data  (ON) 
by  powered  flight  propagator 

USE_MEAS_DATA 

ON  . 

Flag  indicating  the  use  (ON)  or  non-use 
(OFF)  of  external  measurement  data  (used 
for  inhibiting  filter  data  processing  during 
burns  and  burn-targetirg  regions) 

: :\V. 

V(3) 

M50 

Temporary  Ml  950  vel oci ty  vector 

VAR 

■ , 

Copy  of  the  vat'iance  associated  with  the 
measurement  cunren tl y bei ng  processed 

VARACCj:)UANr^  - 

I LOAD 

AcceTerometer  quantization  error  variance 

VAiy:OASJ\NRLES 

V{2) 

I LOAD 

_VAR_G0AS_ANGLES_DT 

V(2) 

I LOAD 

VAR jOR-IZ 

- \ .s  : - ; -t,; 

Variance  of  the  horizontal  measurement  • 
sensor  . ■ 

VAR_IMU_ALIGM 

1 LOAD 

Variance  of  IMU  time  of  alignment  ' 

VAR_IMU_DRIFT 

^(3) 

I LOAD 

Variance  contribution  of  IMU  drift 

WRJR_ANGLES 

V(2)  . 

I LOAD 

Value  used  to  initialize  the  covariance 
matrix  diagohals  associated  with  the  rendez- 
vous radar  angles  sensor  biases 

VAR_RR_ANSLES_DT  V 

V(2) 

I LOAD 

Variance  of  the  rendez'.ous  radar  angles 

measurements  sensor  biases 


APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

VAR_RRD0T  ' 

V(2) 

I LOAD 

Initial  value  for  the  covariance  matrix 
diagonal  associated  with  the  rendezvous 
radar  range  and  range  rate  sensor  biases 

VAfU^RD01J)T  V ■ 

K v^ 

I LOAD 

Variance  of  the  rendezvous  radar  range 
and  range  rate  sensor  biases 

VARJ^lUINtyilN 

"■'/'■'■'■S' 

0. 

Minimum  value  of  the  rendezvous  radar 
variance 

VARJENS_pT 

W 

General  bias  variance  vector  for  the 
current  sehsor  set 

VARJ5HFT  . . 

I LOAD 

Variance  of  the  rendezvous  radar  shaft  angle 

VARJSTJ\NGLES  - i 

V(2) 

I LOAD. 

Initial  startracker  angle  bias  variance 
terms  for  the  covariance  matrix 

VAR_STJ\NSLESJ)T  ■ 

^ ^ ^(2) 

I LOAD 

The  filter  gain  variance  for  the  startracker 
angle  biases  • 

VARJTRDN 

■ ^S  - ^ 

I LOAD 

Variance  of  the  rendezvous  radar  trunnion 
angle 

VARJJNmDJ\CC_DT 

; -^S:  ; 

I LOAD 

Variance  of  unmodeled  acceleration^ times 
scale  time 

VARJEWLPT 

V(3) 

I LOAD 

Variance  of  body  venting  variables 

VAR  VERT 

I LOAD 

Vertical  measurement  variance 
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APPENDIX  A VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

X j^hecot  11 

V(3) 

",X  ' ' 

M50 

Orbi ter  velocity  vector  (M50)  saved  via 
CHECKPOINT  specialist  function 

XlCURRENTJILT 

M50 

Total  accumulated  IMU  sensed  velocity 

VEIiMASS 

■ ■:lS;::v, 

Mass  of  vehicle  for  drag. acceleration 
calculations 

VENT  > ;:;/:  ■:i' 

V(3) 

M50^^  1 

AcceTeration  due  to  venting  and  uncoupled 
RCS  thrusting 

VENT_ARRAT- 

^RR 

T LOAD 

Time  line  of  the  vent  states  for  the  major 
vents 

VENT_pEP_RGS  ■ 

ARR{3,  MAX 

I LOAD 

BODY 

Uncoupled  thrusting  accelerations  v^hich  are 
vent  dependent 

VENI^ODOAV  ' 

I LOAD 

Flag  which' activates  (1)  or  de-activates  (0) 
the  venting  Si  RCS  uncoupled  thrusting  models 

VEHTJABLE 

ARR  (3,  MAX 
■ NUMJ/ERT) 

I LOAD 

BODY 

Acceleration  vectors  for  the  major  vents 

;\ENTJHRUSl^IAS 

V{3) 

I LOAD 

BODY 

Vector-of  unmodeled  aGceleration  bias  errors 
(body-fixed  coordinaticn  system) 

VFL  i; 

INT 

Flag  indicating  activation  (1)  or  de-activa- 
tion (0)  of  venting  & RCS  uncoupled  thrust- 
ing models  (local  variable) 

V J-AST 

V(3)' 

m 

M!)0 

Velocity  vector  of  orb: ter  at  end  of  the 
last  filter  cycle 

APPENOIX-A  V, 

VARIMe  N^E  " : DATA  TYPE  INITIAL 

VALUE 


o o . . 

« a 



8 

V _REL_B0DY 

L y 

VERT 

•S 

« 6q 

V _FILT 

V(3) 

V _FILf;^INIT  ' 

‘ V(3) 

! 

CO 

V FIN 

V(3) 

OO 

V JSND 

V(3) 

V _IMU_DIF 

V(3) 

V_IMU_RESET 

V(3) 

V _IN 

V(3) 

^_LAST_FILT 

V(3) 

V LAST  FILT  INIT 

V(3) 

VM  ■ ■ ' INT  . O ' 


i \ 


tIABLE  LIST  (epntinued) 


COORD  VARIABLE  DESCRIPTION 
frame 


BODY  Orbiter's  velocity  rfilative  to 

atmosphere  in  body  ciOordi nates 

Filter  estimated  vertical  angle  for  angle 
measurement 

M50  Orbi ter  velocity  v'ector .(M50) 

M50  Orbiter  velocity 'vector  saved  across 

memory  reconfiguration  and  used  for  navigation 
initialization 

M50  Orbiter  or  targ/s.t  velocity  vector  at  T_FIN 

M50  Uplinked  orbite't  velocity  vector  (Ml 950) 

M50  Difference  in  current  and  past  accumulated 

sensed  IMU  velocities,  used  in  state  vector 
interpolation  (local  variable) 

M50  Copy  of  T_cURIHENT_FILT  reserved  as  velocity 

count  at  start  of  extrapolation  interval 
when  user  parameter  state  propagator  is  reset 

M50  Orbiter  or  ta  rget  velocity  vector  ^t  fJN 

M50  Tctal  accumulated  IMU  sensed  velocity  (M50) 

M50  Total  accumuljted  IMU  velocity  saved  across 

memory  reconfiguration  for  navigation 
initiaVizatio  I) 

Flag  to  indie  ite  which  venting  model  is  to 
be  used 


LIST  (Continued) 


\ \ 


COORD  VARIABLE  DESCRIPTIC^ 
FRAME 


M50  Velocity  vector  at  this  beginning  of  a time 

interval  , used  to  geneifate  a 1;ransTtion 
matrix 


BODY  Vector  part  of  quaterni^on  used  in  attitude 

matrix  determination 

M50  Velocity  of  vehicle  relative  to  atmosphere 

M50  Qrbi ter  vehicle  velocit;).'  Vector  after  all 

navigation  updates  reserved  for  reset  of 
user  parameters  state  propagator  velocity 
vector 

M50  Mean  of  1950  velocity  vector  interpolated 

to  a measurement  time 

M50  Velocity  vector  updated  ty  the  super-G 

integrator 

M50  Ml 950  target  vehicle  velocity  vector 

M50  Target  vehicle  velocity  vector,  last  value 

M50  Uplinked  MT950  target  vehinTe  velocity  vector 

. at  T_TV__GND 

M50  Target  vehicle  velocity  vector  after  all 

navigation  updates,  reserved  for  reset 
of  user  parameters  state  propagator  velocity 
vector 


APPENOIX  A variable  LIST  (Continued) 


VARIABLE  NAME 

_ DATA  TYRE 

INITIAL 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION  ' 

^ - 1 '/ 

i- 

V(3) 

0.0 

M50 

Velocity  vector  of  target  velMVcle  at  time 
of  measurement 

UW 

^^(3) 

V 

M50 

Velocity  vector  at  the  end  of  a time 
interval,  used  to  generate  a transition  matri 

I^R 

V(3) 

BODY 

IMU  derived  body  rate  in  -rad i ans/second 

X 

J\RR(6) 

0 

M50 

Temporary  array  for  the  Shuttle  or  target 
state  vector 

M 

XN 

ARR(7) 

0 

M50 

Array  of  integrated  initial  conditions 
for  onorbit  prediction  and  propagation 

ZETA_IMA6  . 

V(9) 

Longitude  term  in  gravitational  acceleration 
calculations 

ZETA^REAL 

V(9) 

■ * 

Longitude  term  in  gravitational  acceleration 
calculations 

ZONAL 

V{8) 

I LOAD 

Zonal  harmohi cs  coef fi  ci ents 

APPENDIX  B 

NAVIGATION  SEQUENCER  PRINCIPAL  FUNGTION  AND 
NAVIGATION  PROCESSING  PRINCIPAL  FUNCTIONS  FLOW  CHARTS 


-1 


CONTENTS 


SUBJECT  PAGE 

On-Orbit/RendezVous  Navigation  Sequencer  Principal  Function 

ONORBIT_RENDjNAV_SEQUENCER  B-1 

CHECKPOINT_INrr  (CODE)  • ^ B-2 

■ DISPLAY_COUNTJNIT  . ^ ^ ^ ^ B-6 

ONORBITJCOVINIT  B-4 

ONORBITJCOVINITJJVW  B-5' 

ONORBITJ>REDICT  C.2-T 

0PS_2_0R_8_IN  ITIALIZE  B-3 

TARGETMlAriNIT  B-7 

On-Orbit  Navigation  PrincipaT  Function 

NAVjjNORBIJ.^^^  B-8 

ACCEIlATTITUDE  (CODE)  B-24 

ACCEL^ARTHGRAV  (CODE)  B-22 

ACCEL_0N0RBIT__DRAG  (CODE)  B-31 

ACCEl^NORBITJ/ENT^NDJTHRUST  (CODE)  B-28 

ACCEI^ERTJDNORBIT  (FUNaiON)  ^ ^ B-21 

BODY jrOJlODE  (CODE)  B-25 

F_AND_6 

HJLLIPSOID  (FUNCTION)  ^ B-30 

IWR  (CODE)  B-27 

■ LUNAR_EPHEM  - . • B-48 

LVLHi  (CODE)  • B-26 

MEAN_C0NIC_PARTIAL_TRANSITI0N_MATRIX_6X6  ^-18 

ONORBITJCOVINITJJVW 

ONORBIT_pENSITY  (CODE)  • ^ ^ 

ONORBIT  PRECISE  PROP  . . 


B -ii 


SUBJECT  ’ 

PAGE 

On-Orbit  Navigation  Principal  Function  (cont'd)' 

ONORBIT^PREDICT  ' 

C..2-1 

ONORBIT_RENDJ\UTO_INpLIGHTJJPDATE 

B-19 

ONORB IT_REND_B  I AS_AND_COV_PROP 

B-IS 

ONORBIT_REND_R_V_STATE_PRDP 

B-9 

ONORBIT_REND_STATE_AND_COV_SETUP  (CODE) 

B-20 

ONORBIT_SUPER_G 

B-IO 

PINES_METHOD 

B-13 

PWRD_FLT_COV_PROP  (CODE) 

B-16 

REND_COV_PROP  (CODE) 

B-17 

RI^ILL 

B-12 

SOLARJPHEM 

B-23 

Vj_REL  (FUNCTION)  ^ 

B-32 

Rendezvous  Navigation  Principal  Function 

NAV_REMDEZVOUS 

B-33 

ACCEL_ATTnUDE  (CODE) 

-B-24 

ACCEL_EARTH_GRAV  (CODE) 

^ B-22  ; 

ACCELJDNORBIIJIRAG  (CODE) 

':B-31  :i 

ACCEIJ3N0RBITJEN1J\ND_JHRUST  (CODE) 

B-28 

^CEIJ’ERTJONORBIT  (FUNCTION) 

B-21 

ANGLEJIAV 

BODY_TOlMODE  (CODE) 

^•25 

COAS_ANGLES_SETUP  (CODE) 

F_AN^  : ' ■ ' 

V B-14 

HJLLIPSOID  (FUNCTION  . 

IWR  (CODE) 

LUNAR_EPHEM 

B-48 

CVLH  (CODE) 

B-26 

MEAN_CONIC_PARTIAL_TRANSITION_MATRIX_6X6 

B-18' 

B-i  ii 


SUBJECT 

! ■ . 

Rendezvous  Navigation  Principal  Function  (cont’d) 

PAGE 

MEAS_PROCESSING_STATISTICS_REND  (CODE) 
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B-35 

RENDJENSORJ5ELECT  (CODE) 

B-34 

REND_STATE_AND_COVJJPDATE  ( CODE ) 

B-43 

Rl^ILL  ■ 

B-^12 

RRJ\miE_m 

B-40 

RR_ANGLE_SETUP  (CODE) 

B-37! 

RRDOTJIAV 

B-46 

RRDOT_SETUP  (CODE)'. 

B-36 

SOLAR_EPHEM 

B-23 

5TJ\NGLESjSETUP  (CODE) 

,B-38 

y_R£l  (FUNCTION) 
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ONORBIT  REND  NAV  SEQUENGER 


EVENTS:  60,  60AV 
61,  65,  73,  80, 

I OR  81  i 

(BEGIN  ONORBIT 
I COAST  NAV  PHASE  . 
-BEGIN  MMBOl)/ 


EVENT:  81—- 
(CHECKPOINT 
COMPLETE)  , 


EVENTS:^60, V 
60A,  61,  OR  81 
(ENTRY  INTO  ' 
OPS-2)  j 


PWRD  FLT  NAV  = OFF 


EXECUTE: 

CHECKPOINTJNIT  (CODE) 

H'cALL: 

OPS  2 OR  8 INITIALIZE 


L__.  (60A,  61) 

EVENTS:  60A  OR \ 

61  (ENTRY  INTO  \ P 

OPS-2  FROM  OPS-8  ] ^ — 

OR  OPS-3,  RESP.)  / (60,  81) 

USE_IMU_DATA  = OFF,  I 

REND_NAV_FLAG  = OFF  f 

SIGNAL:  0PS_2_0R_8_ 

INITIALIZE  COMPLETE 


I CALL: 

■f  ONORBIT  COVINIT 


CALL:  ONORBIT_COVINITJJVW 

INLIST:  SIGJJVW_0PS_2, 

I C0V_C0R_0PS_2, 

R_FILT,XJILT 
OUTLIST:  E^  ^-q  g 


SCHEDULE.:  - 
NAVJ3N0RBIT; 
REPEAT  EVERY 
DT  ONORBIT  NAV 


EVENT:  73 
(TO  MM201  FROM 
MM202) 


USE  IMU  DATA  ■=  OFF 


CANCEL: 

NAV  ONORBIT 


rANfFI  • 

NAV  RENDEZVOUS 


REND_NAV_FLAG  = OFF 
T TV  = T CURRENT  FILT 


B-IA, 


.MI*- 


DT-d 


ONORBIT_REND_NAVJiEQUENCER  (CONTINUED)  • 


NOTES:  T.mSAVED  PARAMETERS  IN  PROTECTED  MEMORY  LOCATIONS  FOR  USE  BY  OPS-8  OR 
OPS-3  NAVIGATION  SEQUENCER  PRINCIPAL  FUNCTIONS. 

2.  IT  IS  ASSUMED  THAT  APPROPRIATE  CHECKPOINT  DATA  SETS  HAVE  BEEN  STORED 
(VIA  THE  checkpoint  SPECIALIST  FUNCTION)  PERIODICALLY,  AT  A TBD  rate 
A DATA  SET  SHALL  ALSO  BE  STORED  AS  SOON  AS  POSSIBLE  AFTER  EACH  BURN, 
AND  AS  SOON  AS  POSSIBLE  AFTER  EACH  GROUND  UPDATE.  • 


ONORBIT  REND  NAV  SEQUENCER  CONCLUDED) 


CALCr'-'^^ 

OPS  . 2 OR  8 INITIALIZE 


EVENTS:: 

50  OR  ^ 

(ENTRY  INTO  OPS-8 
FROM  OPS-T,  OR 
OPS-2,  RESP.)  V 


EVENT: 

50 


USE  IMU  DATA  = OFF 
SIGNAL:  DPS_2_0R_8_ 
INITIALIZE  COMPLETE 
REND_NAV_FLAG  = OFF 
PWRD  FLT  NAV  ^ OFF 


(60B) 


CALL:  

ONORBIT_COVINIT_UVW 
IN  LIST:  SIG_UVW_0PS-2, 

WV_C0R_0PS-2, 
RJILT,  IJILT 
OUT  LIST:  E^  ^ 


CALL: 

ONORBIT  COVIN IT  UVW 


EVENT:  60A 
(TERMINATE 
OPS-8) 


II 


SCHEDULE: 


NAVJDNORBIT;  REPEAT 
EVERY  DT  ONORBIT  NAV 


^FILT_INIT  = ^FILT 
V_FILT_INIT  = V_FILT 
V_LAST_FILT_INIT  .=  £_LAST_FILT 
T LAST  FILT  INIT  = T LAST  FILT 


= Ej^  j 


I =1  TO  6 
J =1  TO  6 


OPS-8 
RELATED 
FUNCTIONS 


SAVED  PARAMETERS  IN  PROTECTED  MEMORY  LOCATIONS  FOR  USE  BY 
OPG-2  NAVIGATION  SEQUENCER  INITTALIZATION  FUNCTIONS- 


OPS  2 OR  8 INITIALIZE 


^FILT  = ^FILTJNIT,  UllT  = IFILTJMIT 
y__LAST_FILT  = V_LAST_FILT_INIT 

T_LAST_FILT  = T_LAST_FILT_INIT 
OESET  = ^FILTJNIT,  VJIESET  = y_FILTjNIT 
y_IMU_RESET  = V_LAST_FILT_INIT , T_RESET  = T_LAST_FILT_INIT 
FILT_UPDATE  = ON,  B = 0. 

VENT_THRUST_BIAS  = 0, 

SQR_EMU  = SQRT  ( EARTHJIU ) 

C_MX_AN  = COS  (MAX_DENS_AN6LE) 

SJ1XJ\N  = SIN  (MAX_DENS_ANGLE) 

C_MN_AN  = COS  (MIN_DENS_ANGLE) 

S M_AN>  SIN  (MIM_DENS„ANGLE) 


TO  19,  T TO  19  " 


DO  FOR  I =7  TO  9 


Ej  j = COVJ\CCEL_BODY_INITj_g 


= ^CELJ’ER1^N0RBIT(GM^^ 

J ; I 1,1 ,0,  ^ILT,  ^ILT,  ■Tl.ASTTILT) 

-EARTH  MU  R FILT/lR  FILTl^ 


ONORBIT  COVINIT  UVW 


IN  LIST:  SIG,  COR,  R,  V 


OUT  LIST:  E TEMP 


E TEMP 


DO  FOR  I =1  TO  6 


E_TEMPj  j SIGj  SIGj 


E_TEMP^^2 

= 

COR^ 

SIG^ 

SIG2 

E_TEMP^^4 

= 

COR2 

SIG^ 

SIG4 

^EJEMPi^S 

=: 

GOR3 

SIG^ 

SIGg 

iEJEMP2^4 

= 

COR4 

SIG2 

SIG4 

:EJEMP2^5 

- 

COR5 

SIGp 

SIG5 

^EUEMPg^g 

= 

CORg 

SIG3 

SIGg 

!™4^5 

= 

COR7 

SIG4 

SIG5 

:EJEMP2^1 

= 

E_TEMP,  2 

|^EMP5^4 

E.TEMP^;^ 

M = UVW_J0_M50  (R,V) 

E_TEMPy  -j-o  3,  1 TO  3 = f''  E_TEMP^  ^ ^ 

TO  6.  4 TO  6 " ^ TO  6,  4 TO  6 

TO  3,  4 TO  6 ^ TO  3,  4 TO  6 ^ 

^—^^^4  to  6,  1 to  3 " to  3,  4 to  6^"'' 


1 


TARGET  NAV  I NIT 


REND  NAV  FLAG  = 


(INITIALIZE  TARGET 
TO  GRND  UPDATE 
OR  PREVIOUS 
RNDZ.  STATE  VECTOR) 


TARG  VEC  AVAIL 


CALL:  ONORBIT_PREDICT 

INLISTi  GM_DEG,  GMJ3RD,  DRAGJIODEJIAV, 
0,3,  PREC_STEP , ^TV , V_TV . T_TV , 
T_CURRENT__FILT 
OUTLIST:  R TV,  V TV 


CALL:  ONORBIT_COVINITJJVW 


ONORBIT  REND  R V STATE  PROP  (CONCLUDED) 


CONT'D' 


A SENS  = 0. 


RENONAV  FLAG 


G TV  LAST  = 

G TV  1 

^TV_LAST  = 

KJV  1 

V TV  LAST  = 

V TV  ! 

CALL:  ONORBIT_PRECISE_PROP 

IN  LIST:  GM_DEG,  GM_ORD,  1,1,  0,  DT,  R_FlLT, 

XflLT,  TJ_A5T_FILT,  Tj:URRENT_FILT 
OUT  LIST:  RFILT,  V FILT,  G NEW 


T_LAST_FILT  = T__CURRENT_FILT 
in.AST_FILT  = V_CURRENT_F  I LT 
TOT  ACC  =G  NEW  + A sens 


CALL:  ONORBIT_PRECISE_PROP 

1 IN  LIST: 

GMJDEG,  GM_ORD,  1,  0,  3, 

1 

DT,  X-TV  , UV,  T_LAST_FILT, 

I 

T_CURRENT_FILT 

1 OUT  LIST: 

^TV,  OVt  LJV 

ONORBIT  SUPER  G 


IN  LIST:  GD,  GO,  DEL,  VFL,  ATFL,  RJUP,  I_SUP,  T_CUR,  DT,  DV 
OUT  LIST:  R SUP,  V SUP,  GR  NEW 


^SUP  = ^SUP  + DT  [y_SUP  + .5  (DV  + DT  GR_NEW)]  ' 

GRJNT  = ACCEL_PERT_ONORBIT  (GD,  GO,  DEL,  VFL,  ATFL,  ^SUP,  y_SUP,  Tj:UR) 
GRJNT  = GRJNT-EARTHJ1U  I^SUP/|R_SUPl^ 

^SUP  = ^SUP  + DV+  .5  DT  (GRJNT  + GRJ^^^^^^^ 

^SUP  = R_SUP  + (6RJNT-GRJEH)  DT^/6. 

6R_NEW  ACCEL_PERTJ)MORBIT  (GD,  GO,  DEL,  VFL,  ATFL,  ^SUP,jrSUP,  TJ^ 
GR  NEW  = GR  MEW-EARTH  MU  R SUP/ 1 R SUP  I ^ 


ONORBIT  PRECISE  PROP 


IN  LIST;  GHD,  GMO,  DM,  VM,  ATM,  DELTAJ,  'R  _ IN,  V JN,  T_IN,  T_FIN 
OUT  LIST:  R FIN,  V FIN,  G NEW 


ONORBIT  PRECISE  PROP  (CONCLUDED) 


PINES  METHOD 


IN  LIST:  XM,  T_CUR_,  GMO,  GMD,  DM,  VM,  ATM,  TJM 

OUT  LIST:  DERIV,  X 


rwTr<^aigawg.im:ii— *.  itjwgpwjwpMwwM  t~j  jim  h it  t rmam  wmi— 

= to  3I 

RJNJNV  = l./RJN 

SMA  = l./[2.RJtn:NV  - (XN  ^ to  6 *^^^  4 to 

Cl  = SQRT(SMA)/SQR_EHU 
DELTAT  = T CUR-XN 


IUN=  XN^  ,^3  • XN^,^g 


CALL:  F AMD  G 


IN  LIST:  SMA,  DELTAT,  Cl,  XN  , ^-n  O*,  0.,  0.,  R IN  INV,  0.,  XN  , r- 

DJM,0.  4 to.C 

OUT  LIST:  F.  -6 , FOOT,  GDOT,  SO,  SI  , S2,  S3,  X^  3,  R_FIN_INV,  THETA 


^ 4 to  6 " XN  i to  3 


GDOT  XN 


4 tO'  6 


T ACCEL  =T  IN  + T CUR 


P = ACCELJ^ERT JDNORBIT  (GMD,  GIlO,  DM,^  4 to  6’ 


D TAU  = X , , . P 

“ 1 to  3 — 


V*  4 to  6 • t 


PINES  METHOD  (CONCLUDED) 


■'  2 

C2  = Cr 

; C3  = 1./C2 

C4  = C2  D_AUX 

SI  = Cl  SI 

S3  = SHA  S2 

C5  = C4  SI 

S2  = C2  S2 

S4  = 2.S3  D_AUX 

S5  = S2  D_TAU 

I n : i . 

:DD  = SI  C3  R_I(l(SMA  RJN_rMV“l.)  +SO  DJN 
;S6  = 2.  S2  C4  DD  + $5 
MnJAU  = S4-C2  SI  CrAUX-Sl  DJAU 
:RJNAUX  = R__I^!J•AU 

:F  JAU  = S3  C3  RJHjm  RjnjMX  - S4 
'GjAU  = C5  R_IN  - S6 
FDJ7VU  = FOOT  {C4-RJN_AUX) 

GD  TAU  = S4  R FIM  INV 


DERIV,^  to  3 = ^ 1 to  3 - G-JAU  X 4 t,  6 - G P 

A 6 = -f^DJTAU  X ^ 3 + FJTAU  X ^ ^ + F £ 

DERIV  7 = S6  - 3.  Cl  C4  SMA  THETA  - C5/R_FINJNV 


3 


F AND  6 


I 


IN  LIST:  SMA,  DELTAT,  Cl,  R_IN,  RJNJNV,  RJINJNV,  1_IN, 

DJN,  D_FIN  • 

OUT  LIST:  F,  G,  FOOT,  GDOT,  SO,  SI , S2,  S3,  R_FIN,  R_FINJNV,  THETA 

(SOLVE  KEPLER*S  EQUATION' 

FOR  PINES  METHOD  OR 
SVJNTERP) 

IF  R.  FIN  In7  = 67\ 


(FIND  THE  DIFFERENCE 
IN  ECCENTRIC  ANOMAI 
FOR  MEAN  - CONIC  ■ 
TRANSITION  MATRIX) 


ONEMRIN  = (SMA  - 1 ./R_IN  INV)/SMA 
D_MM_AN  = DELTAT/ (Cl  SMAj 
THETA  = D_MN_AN 
THETA  COR  = 10. 


DO  UNTIL 
THETA  COR<EPS  KEP 


50  = cos^theW 

51  = -SIN(THETA) 

52  = 1 .-SO 

ERR  = D_MN_AN-THETA-D_IN 
■ S2  + ONEMRIN  SI 
THETA_COR  = ERR/(1.  + D_IN 
SI  - ONEMRIN  SO) 
THETA  = THETA  + THETA  COR 


ENCE  L — r 
■1ALY 


THETA  = [C1(D_FIN-D_INU  DELTAT/Cl  ]/SMA 


i SO  = COS  (THETA) 
! Sl  = SIN  (THETA) 
: S2  = 1 . - SO 
i S3  = THETA  - SI 


F = 1.  - SMA  S2  R_IN_INV 
G = DELTAT  - Cl  SMA  S3 


1— 

IVFIN  = F ^IN  + G ON 

RJIN_INV  =■  l'./lR_FlNl 

FOOT  = -EARTHJIU  Cl  SI  R_IN_INV  R_FIN_INV 
GDOT  = 1.  - SMA  S2  R FIN  INV 
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ONORBIT  REND  BIAS  AND  COV  PROP 


■M— III  II*  III!  I ■■111  ^ J irwriaiin  iwiiwiiiw  ■ m 

; CALU:  MEAN_C0N1C.PARTIAL_TRANSITI0N_MATRIX_6X6 
IN  LIST:  ^LAST,  1_LAST,  IOTJ\CC_LAST , ^FILT,  y_FILT,  T0T_ACC, 
DT_FILT 

OUT  LIST  Pai^th,  lto6  . 


PWRD  FLT  NA\/  - ON 


I EXECUTE:  PWRD_FILT_COV_PROP  (CODE) 


DO  FOR^ 
1 = 1 


DMii  _ ,-DT_FILT/TAU_VENTt 

1+6  " ® ^ 

DIAG;  =■■  TAU  VENT.  0 • -PHIt . c 

I — I 1+6,  1+6' 

Stxa  txc  = TAU  vent.  VAR  VENT  DT. 
1+6,  1+6  — I — I 


r^n\"" 


1.  - PHI 


1+6,  1+6 


DO  F0R\  P^^Ij+3  1+6  M_SB0DYM50j  jDIAGj 


0 = 1 


VENTj  (DTJILT  - DIAGj))' 


DIAG  = DT^FILT  D_COE_PCT__ERR  D 
«4  to  6.  4 to  6 = 

^4  to  6,  1 to  s '"  - 4 to  6 

^1  to  3,  4 to  6 ^ ^4  to  6,  T to ^ 

rto:3,  l to3  =^^  to  3 


to  9,  1 to  9 " ^1  to  9,  1 to  9 ^ ^ 


REND  NAV  FLAG  =”oi^^  EXECUTE:  REND_C0VJR0P  (COD^ 


PNORBIT_REND_BIAS__AND_COV_PROP  (CONCLUDED) 


REND  COV  PROP  (CODE) 


CALL:  MEAN_C0NIC_PARTIAL_TRANSITI0N_MATRIX_6X6 
IN  LIST:  R_TV_LAST,  y_TV_LAST,  OV_LAST,  R_TV, 

yjv.  GJVv 

OUT  LIST:  PHUEND;  g 


DO  FOR 
I = 1 


PHIJ^ENDj^g^  | 

S_RENDj^g  1+5  = TAU_SENSj  VAR_SENS_DTj 


(1-  - PHI_REND^+6,  I+g) 


^ro  to  td/to  to  19  ^10  to  T9,  TO  to 

h to  9,  10  to-  19  " ^1  to  9,  10  to  19  PHOENd''' 


MEAN  CONIC  PARTIAL  TRANSITION  MATRIX  6X6 


IN  LIST:  , V_ONE,  ^TWO,  VjWO*  iJWO,  DELTIM 

OUT  LIST:  PHI  MG 


R_ONE_INV  = 1 ./I  R_0RRl 

DJQNE  = ^ONE  • UnE 

1 ^TWOJNV  = T./lR_TWOl 

DJWO  = RjWO  V ■ 

SMA  = 1 7CRJ3NEJNV  + RJ'WOJNV  - (ONE’IJ^f^E  + OWO’OW^  EARTHJIU] 
Cl  = SQRT(SMA)/SQR_EMU- 


CALL;  F_AND_G 

IN  LIST:  SMA,  DELTIML  C1 , ^NE,  IM'WO,  RJDN^NV,  R+TW0_INV,  UD!^E> 


D_0NE,  D_TW0 

OUT  LIST:  F,  6,  FOOT,  GDOT,  SO,  SI,  S2,  S3,  ^TWO,  RJTWOJNV,  THETA 


FMl  = F-1  ■ 
GDMl  = GDOT-1 

SI  = Cl  Si  ' 
C2  = CT^ 

CONST  = Cl  G2  SMA  THETA  (2.  + SO) 
-3,G2  SMA  SI 
S2  = C2  S2 

A1  = (FOOT  SI  + FMl  R_0NEJNV)  R_0NE_INV;  A2  + FOOT  S2;  A3  = FMl  SI  R_0NE_INV;, 
A4  = FMl  S2-,  A5  = GDMl  S2;  A6  = G S2;.  A7  = FOOT  (SO  R_ONE_INV  R_TW0_INV  + R_ONE 
i JNV^  + RJ'WCMNV^);  A8  = (FOOT  ST  + GDMl  R_JW0_M 
A9  = GDMl  ST  tyrW0__INC 

TEMP  = A4  "^TW0-A2  ^TWO  ^ 

PHI_HC  3 3 = F IDJATRIXJ3X3  +.  CONST 

(A3  OWO-A'I  LJWO) 

PHIJIC  to  3 4 ^0  g = G IDJ1ATRIXJ3X3  - CONST^^^O 

TE^ 

TEMP  = A2  yjVIO  - A8  R.™ 

PHI  JC^  to  g y to  3 = 

' (A1  O^’O  - Mwo)  M 

PHIJC^  to  6 4 to  6 “ GOQT  TDJ1ATRIXJX3  - CONST^G^^ 

HvTEMP  j^ONE  + (A5  VJ‘WO  - A9  RJTWO)  V_ONE 




ONORBIT  REND_STATE_ANDj:OV_SETUP  (CODE) 


ACCEL_PERT_ONORBIT  ( FUNCTION) 


ACCEL_PERT  ONORBIT  (FUNCTION)  (CONCLUDED) 


6MD  controls  the  use  of  zonal  harmonics  in  the  gravity  model. 

GMO  controls  the  use  of  tesseraT  harmonics  in  the  gravity  model . 

DM  controls  the  use  or  non-use  of  drag  acceleration  model . . 

VM  controls  the  use  or  non-use  of  venting  and  uncoupled  thrusting  model. 

ATf'1  controls  the  use  or  non-use  of  prestored  attitude  profile  * average 

area,  mass,  and  drag  coeffiGient  of  orbiter  on  target  vehicle. 

V are  the  position  and  velocity  vectors  of  the  vehi cl e in  M50  coordinates 
T is  the  time. 
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ACCEL  EARTH  GRAV  CODE 


RO_ZERO  = EARTH_:RADIUS_GRAV  R_INV 

RO_N  = RO_IERO  EARTHJU  R_INV^ 

^1,2  ^*^3 

^2,2  " 

L = 1 

AUXILIARY  =0. 


DO  FOR 
I = 1 . 
TO  GMO , 


ZETA_REALj  ^ ^ = UR^  ZETA_REALj  - UR^  ZETAJMAGj 
ZETA_lMA6j  ^ ^ = UR^  ZETAJMAGj  + UR^  ZETA_REALj 


DO  FOR 
N = 2 TO 


+ 1,2  \,2 

^ \,2 

^N,2  " ^^3  \ + 1,2 

k - 2 


DO  FOR 
0 = 2 


FI  = 0. 
F2  = 0. 


F3  = -A,  , ZONAL,,  I 

1,1  N I 

F4  ^ -A]  ^2  I 


ACCEL_EARTH_6RAV  CODE  (CONCLUDED) 


SOLAR  EPHEM 


IN  LIST:  T 

OUT  LIST:  UR_SUN,  SDEC,  GDEC1 , COS_SOL_RA,  SIN_SOL_RA 


T1  = T/3155760000. 

^OLJ^UXIL  =;SOL_PARAM_ZERO  + T1  SOL_PARAM_FIRST 
SOL_TRUE_ANOM  = SOLJIUXIL^  + 2.  SOLJ^UXILg  SINlSOL^AUXIL^) 

SOL_LONG  = SOL_AUXIL^  + SOLJTRUEJ^NOM 

— 1 TTT I II'  '"i~- I '■  » ■ I - - II  :i-nn— ihtw- 

;sjs_ll  = SINCSOl^ONGr*"’”””*'*^ 

' SDEC  '=  S_S_L  SIN{S0L_AUXIL2) 

CDEC1  = SQRT(1.  - SDEC^) 

FACTOR  = 1 ./CDECl 


UR_SUN^  .=  COS(SOL_LONG) 

UR_SUN2  = S_S_L  C0S(S0L_AUXIL2) 
UR_SUN3  = SDEC 
G0S_S01^A  = FACTOR  URJSUN^ 
SIN_$0L_RA  = FACTOR  UR_SUN2 


ONORBIT  DENSITY  CODE 


ALT  = H_ELLIPSOID  (R)  ' 

SDEC  = SDEC  IMNV  R^ 

CDEC2  = CDECl  R_INV  Rg 

CDECl  = CDECl  R_INV  R^ 

SGAMl  = SIN_S0L_RA  CJIX_AN  + COS_SOL_RA  S_MX_AN 
CGAMl  = COS_SOL_RA  C_MX_AN  - SIN_S0L_RA  S_MX_AN 
SGAM2  = SlN_S0L_RA  C_MN_AN  + COS_SOL_RA  S_M^_AN 
CGAM2  = COSJSOL_RA  C_MN_AN  - SIN_SOL_RA  $_MN_AN 
COS_PSIJ  = SDEC  + CGAMl  CDECl  + SGAMl  CDEC2 

COSJSIJ  = DIURN_EFF_5  (1.  + COS_PSIJ 
COS_PSI_2  = -SDEC  + C6AM2  CDECl  + SGAM2  CDEC2 

C0S_PSI_2  = DIURN_EFF_6  (1.  + C0S_PSI_2)*"°^'^-'^°'^^‘^- 
DAY_0F_  YEAR  = T/85400. 

1 = 1 


DO  UNTIL  > 
DAY_OF_YEAR 
< 10.  I 


1 = 1 + 1 


DAY  ONE  = 10.  (I.-  1) 


K1  = 1 . +(ALT  + RAD_EFF)  SOL_RAD_EMIT_CORRECT 

K2  = 1j.  +(ALT  + DIURN_EFF_1  + DIURNJFFJ  EXP{-[(ALT  + DIURN_EFFJ)/DIURNJFF_ 
})(COS_PSlj  + COS_PSIJ) 

K3  = 1.  + ,1  (ALT  + ANNUAL_EFF)[(DAY_OFJEAR  - DAY_ONE)(DOY_EFFj^.j-DOY^EFFj)  + 
TO.  DOYJFFj] 

K4  = T.  + (ALT  + MAGN_EFF)  6E0MAG_DISTURB_C0RRECT 

RHO  = K1  K2  K3  K4  NIGHT_PR0F_1  EXP[NrGHT_PROF  2 (ALT  + NIGHT  PROF  3)^/^] 


NAV  RENDEZVOUS 


SNAP  IMU  (^CURRENT_FILT,  T_CURRENT_FILT) 


SNAP  REND_RADAR  (Q_RR_SHFT,  Q_RR_TRUN,  Q_RR_RNG» 
Q_RR_RNG_DOT,  RNG_DATA_GOOD , RDOT_DATA_GOOD , RR_ 
ANGLE_DATA_,GOOD,  M_M50_T0_B0DY_RR , T_REND_RADAR) 


SNAP  STAR_TRACKER  (Q_ST_HORIZ,  Q_ST_VERT, 
N_ST_INJJSE,  ST_DATA_GOOD,  M_M50_T0_B0DY_ST, 
T_STAR_TRACKER) 


SNAP  COAS  (Q_COAS_HORIZ,  Q_COAS_VERT,  N_CQAS_IN_USE, 
COAS  DATA_GOOD,  M M50  TO  BODY  COAS,  T COAS) 


CALL;  ONORBIT  REND  R V STATE  PROP 


ONORBIT  REND  BIAS  AND  COV  PROP 


EXECUTE; 

REND  SENSOR  SELECT  CODE 


CALL; 

ONORBIT  REND  AUTO  INFLIGHT  UPDATE 


EXECUTE; 

REND  NAV  SENSOR  INIT  CODE 


NAV_RENDEZV0US  (CONCLUDED) 


(CONI' D) 


DO_RR_ 
ANGLE  NAV 


CALL:  RR_ANGLE_NAV 

RR  ANGLE  MARK  NUM  = RR  ANGLE  MARK  NUM  + 1 


DO  RRDOT  NAV" 


CALL:  RRD0T_NAV 

RRDOT  MARK  NUM  •=  RRDOT  MARK  NUM  + 1 


DO  ST  ANGLE 


CALL:  ANGLE_NAV 

IN  LIST:  T_STAR_TRACKER,  M_BODY_TO_ST  ^ 

M_M50_T0_B0DY_ST,  VAR_ST_H0RIZ7  Q/ST^HORIZ, 
VAR_STJ/ERT,q_ST_VERT,  ST_DATA_GOOD, 

ST  ANGLE  EDIT  OVERRIDE,  ST  ANGLES  STAT 


ST  MARK  NUM  = ST  MARK  NUM  + 1 


DO  COAS  ANGLE 


CALL:  ANGLE_NAV 

IN  LIST:  T_COAS,  M_BODY_TO_COAS  ^ 

_COAS,  VARj:0ASJ10RIZ,lLC0^S_H0RlZ,  | 

VAR_COASJ/ERT,Q_COASJERT  , COAS_DATA_ 

GOOD,  COAS  ANGLE  EDIT  OVERRIDE,  COAS  ANGLES  STAT  ; 


I " COASjMARKJIUM  + 1 [ 

PRESET  = R JILT,  V^RESET  = V^FILT,  TJESET  = 

RJVJESET  = ^V,  IJVJESET  =JOVr  O = ILASTJILT, 

FILTJJPDATE  = ON ; 

iJi -Lii  lU-ixjmwuuM-MmTrwwr-  i i ‘ — — ■ , ■ 

EXECUTE  MEAS  PROCESSING  STATISTICS  REND  (CODE) 


Br33A  i' 


REND  SENSOR  SELECT  CODE 


DO_RRDOTJ!AV  = OFF 
DO_RR_ANGLES_NAV  = OFF 
DO_STJ\riGLESJJAV  = OFF 
DO_COAS_ANGLES_NAV  * OFF 
RR_,ANGLES_STAT  = OFF 
RRDOT_STAT  = OFF 
SENSOR  EDIT  = OFF 


RRDOT  EDITJDVERRIDE  = OFF 
RR_ANGlES_EDIT_pVERRIDE  = OFF 
ST_ANGLES_EDIT_OVERRIOE  = OFF 
COAS_ANGLES_EDIT_OVERRIDE  = OFF 
ST  ANGLESJSTAT  = OFF 
COB  ANGLES  STAT  = OFF 


RRDOT  STAT  = ON 


USE  HEAS  DATA 


DO_RRDOT_NAV 
= ON 


RRDOT  Xif\ 

RRDOT  AIF 

f mio  / 

= INHIBIT  / • 

RR  ANGLES  X 

DO  RR  ANGLES 

ENABLE  = ON/ 

MAV  = ON 

RRDOT_EDIT_OVERRIDE 

-ON 


ANGLES_ 
AIF  f AUTO. 


ANGLES_ 

AIF  = INHIBIT. 


RR_ANGLES 
STAT  = ON" 


RR_ANGLES_EDIT 
OVERRIDE  = ON" 


CONT'D 


i 


REND  NAV  SENSOR  INIT  (CODE) 


DO  RRDOT  NAV  = ON 


DO  RRDOT  NAV  LAST  = OFF 


EXECUTE:  RRDOT  SETUP  CODE 


NjVCCEPT  3^q  4 =0,  N_REJE.CT3  jo  4 = ^ 
SEQ_ACCEPT3  jq  4 = 0,  S^Q_REJECT3  jq  4 ~ ^ 


DO_RR_ANGLES_NAV  = ON  > 
AND 

DO  RR  ANGLES  NAV  LAST  = OFF 


EXEGUTE:  RR  ANGLES  SETUP  CODE 


DO  ST  ANGLES  NAV  = ON" 


DO  ST  ANGLES  NAV  LAST  = OFF> 


DO  COAS  ANGLES  NAV  = ON 


DO  COAS  ANGLES  NAV  LAST  = OFF/ 


N_ACCEPT|  N_REJECT-j  ^ ^ = 0 

SEQ_ACCEPT^  2 = SEQ_REJECT^  ^ ^ = 0 


EXECUTE:  ST_ANGLES_SETUP  CODE 

N_ACCEPT^  to  2 " N_REJECT^  to  2 ° 

SEQ_ACCEPT^ 2 = SEO_REOECT^  to  2 " ° 

EXECUTE:  COAS_ANGLES_SETUP  CODE 


to2  = 0 

SEQ_ACCEPT■,^^  2 - SEQ_REJECT^  2 ^ ° 


DO_RRDOT_NAV_LAST  = D0_RRD0T_NAV 
D0_RR_ANGLESJAV_LAST  = D0_RRJ\NGLESJAV 
DO_STJ\NGLES_NAVJ.AST  = DO_ST_ANGLES_NAV  / 
DO  COAS  ANGLES  NAV  LAST  = DO _COAS_ANGLES_NAV 


RR_ANGLE  X 

DELTAT  GO  = T CURRENT  FILT-T.REND  RADAR 

DATA_GOOD / 

M M50  TO  SENSOR  = M BODY  TO  RRM  M50  TO  BODY  RR 


CALL.:  REND_ANGLE_PARTIALS 

TN  LIST:  M M50  TO  SENSORo 


3,  1 to  3 


;MANUAL_EDIT_QYERRIDE  = RR_ANGLES_EDIT_pVERRIDE 
JSTAT  FLAG  =■  RR  ANGLES  STAT 


jSHFT  = ARCTAN  (UJl2/UJI^ ) + BIAS_SENSOR., 
IDELQ  =.  Q_RR_SHFT  - ■ SHFT 
I.  ! ■ ‘ 

JCALL:  RENDJAV_FILTER 

4—  i , 

iSENSOR_EDIT^  = EDIT_FLAG 
JSENSOfy^ESIDJEST^  = RESIDJTEST 
ijSENSORJDELQ^  = DELQ 

■ i:  ' 

CALL:  RENDJIAV^INTERP 

I : 
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mitl 


RR_AN6LE_NAV  (CONCLUDED) 


CALL:  REND_ANGLE_PARTIALS 

IN  LIST:  UNIT  (^TV_RESID  - ^RES'lD)  X 

M_M50_T0_SENS0R3^  1 to  3) 


VAR  = VAR_TRUN^  = 1 . 

TRUN  = ARCSIN  (UM3)  + BIAS_SENSOR2 
DELQ  = Q_RR_TRUN  - TRUN 

CALL:  REND_NAV_FILTER  j 

SEN50R_miT2  = EDITJFLAG^^^^^^^^^^^  ^ , 

^ENS0RJtE5ID_JEST2  = RESIin'EST 
SENS0R_DELQ2  = DELQ 


B-40A 


REND  ANGLE  PARTI AUS 


IN  LIST:  1_  N 

^RHO  = FrTVJ^ESIO  - R_RESID 
RHO_PLANE  = RjyiO  - (R^RHO  • I_N)  I_N 
^TEMP  = UN  IT  ( RHO_PLAN  E X IJl ) / 1 RHO_PLAN  E [ 

;Bl  to  6 ' (PHI_PATCH,  3_  , 5)^  OEMP 

|8)0  to  15  • - (PHIJIENDJ-ATCH,  ^ ^j^JEMP 

Id 

ne  to  17  = 0. 

yj»1  = M_M50jr0_SENS0R  UNIT  (R_RH0) 


REND_STATE_AND_COV_UPDATE  ( CODE ) 


i 


0 


REND  NAV  INTERP 


CALL:  ONORBn^V_INTERP  • 

IN  LIST:  R^LAST,  ^.LAST,  R_FILT,  ^FILT,  T_CURRENT_FILT,  OV_FILT, 

DT^FILT,  SENSORJD,  DELTAT_60,  IGD,  IGO,  IDM,  IVM,  lATM 
OUT  LIST:  R RES  ID,  V RESID,  A RESID  ' 


CALL:  MEAN_CON IC_PARTIAL_TRANSITI0N_MATRIX_6X6 

IN  LIST:  ^ILTi  V_FILT,  Tp-y\CC,  OESID,  VJESiD,  A_RESID, 
- DELTAT  60 


OUT  LIST:  PHI  PATCH 


CALL:  ONORBIT  SV  INTERP 


IN  LIST:  FLJVJ.AST,  T_CURRENT_FILT,  0, 

DT_FILT,  SENSORJD,  DELTAT_G0,  TGD,  160,  1,  0,  3 
OUT  LIST:  R TV  RESID,  V TV  RESID,  A TV  RESID 


CALL:  MEAN_CONIC_PARTIAL_TRANSITION_MATRIX_6X6 

IN  LIST:  R_TV,  IJV,  iJV,  RJV_RESID,^^^^^r^^ 

- DELTATMSO^^^^^^ 

OUT  LIST:  PHI  REND  PATCH 


RRDOT  NAV 


RNG  DATA  GOOD 


CALL:  REND  NAV  INTERP 


^HO  = ^V_RESID  - ^ESID  • 
'r_RH0lMAG  = |R_RHOi 
!i_rho  = r_rho/r_rho_mag 

iQ_PRIME  « R_RH0_MAG  + SENS0R_BIAS3 


VAR  < VAR  RR  RNG  MIN 


to  6 =■  -CHIJATCH,  I_RHO 

610  to' 1 5 ' 1 to  3.  1 to  6)-''  I* 


DELQ  = Q_RR_RNG  - Q_PRIME 


I VAR  = (SIGJIR_RNG  + SLOP^IG_RONG  FU^HOlMAG)' 


VAR  = VAR  RR  RNG  MIN 


i MANUAl^DlT_pVERRIDE  - RRDOTJEDITJDVERRIDE 
i STAT  FLAG  = RRDOT  STAT 


CALL:  REND  NAV  FILTER 


i SENSORJDITg  = EDIT_FLAG 
i SENS0RJ^ESID_TEST3  = RESIDJFEST 


SENS0RJ)ELQ3  = DELQ 


RRDOT  NAV  CONCLUDED) 


ROOT  DATA  GOOD 


CALL:  RENDJJAVJNTERP 


RDOT  = (V  TV  RESIO  - V RESID)/R  RHO  MAG 


to  3 

=. 

I_RHO  X(X_RH0 

X U_RD0T) 

Bio 

to 

12 

" '^1  to  3 

to  6 

= 

-I_RHO 

Bio 

to 

15 

"^4  to  6 

Bl 

to  6 

= 

PHI_PATCH^ 

Bl 

to  6 

to 

15 

11 

1 s 

m 

Ol  PRIME.  = R RHO  • U RDOT  + iSENSOR.. BIAS, 


VAR  = VAR_RANGEJ}OT 


DELQ  = Q_R_RN6J)0T  - Q_PRIME 


(|alL:  RENDJIAV_FILTER 


SENSOR  EDIT,  = EDIT  FLAG 

I - 4 . 

SENSOFyRESID_TEST^  = RESIDJTEST 


SENSOR_DELQ^  =,  DELQ 


ANGLE JAV 

IN  LIST:  T_ANGLES,  MJ50_T0_SENS0R , VAR_HORIZ,  Q_HORIZ,  VARJERT, 
Q VERT;  ANGLE  DATA  GOOD,  MANUAL  EDIT  OVERRIDE,  STAT  FLAG 


ANGLE  DATA  GOOD 


> 


DELTAT  GO  = T CURRENT  FILT-T  ANGLES 


( CALlT  REND_NAV_INTERP 

— 


CALL:  RENDJ\NGLE_PARTIALS 

IN  LIST:  M M50  TO  SENSOR 


2,1  to  3 


I 


VAR  = VAR 


Bi6 


I VERT  = ARCTANCUJI^/UJI^)  + BIAS_SENSOR^ 
; DELQ  = Q_yEBT^  VERT 


CALL:  REND  NAV  FILTER 


SENSOR^ELQe  = DELQ 

SENSOR  RESID  TEST  = RESID  TEST 
- ; “ . Z 

SENS0R_EDIT2  = EDIT_FLAG 


(CONT'D) 
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I 


I 


I 


ANGLEJAV  (CONCLUDED) 


. (CONI' D) 


CALL:  Rpp_NAV_INTERP 


LUNAR  EPHEM 


IN  LIST:  T 


original  Pagp  tq 


V.B-4Sa 
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I 


1 


APPENDIX  C 

6ENEPJ\L  REQUIREMENT  PRINCIPAL  FUNCTIONS  AND  COORDINATE 
TRANSFORMATIONS  FLOW  CHARTS,  VARIABLE  NAMES,  AND  DESCRIPTIONS 


1 


CONTENTS 

SUBJECT 

CONTENTS 

Coordinate  system  definitions 
(to  be  provided) 

Variable  List  Definitions 
Variable  List 
Flow  Charts 

Coordinate  system  flow  charts 
(to  be  provided) 

Onorbit  precision  state  prediction  flow  charts 
ONORBIT__PREDICT 

ADAMS JIOULTON  (CODE)  ^ ^ ^ 

PINES_METHOD 

RKJ3ILL 

Site  lookup  flow  charts 
(to  be  provided) 


C-ii 


PAGE 

C-ii 

C-iii 

C.1-1 


C.2-1 

C.2-2 

B-13 

B-12 


VARIABLES  LIST  DEFINITIONS 
Code  used  for  variable  data  type 


S: 

scalar 

V(r|): 

vector  (dimension) 

M(n): 

square  matrix  (dimension) 

1 ■ " ' ' ' 

INT: 

integer  . 

BIT: 

bit 

CHAR: 

character 

STR: 

structure 

ARR: 

array 

Coordinate  frame  code  and  definition 


Body;  x:  parallel  to  the  longitudinal  axis  (positive  aft) 

(structural ) 

y;  completes  right-hand  system 

z : perpendicul ar  to  the  x-axi s , pos iti ve  upward 

EF  Earth-fixed  coordinate  system 

M50:  Mean  of  50  reference  coordinate  system 

RW:  x:  down  runway  centerline  in  direction  of  landing 

(runway 

coordinates)  y : ■ completes  right-hand  system  . 

z:  down,  normal  to  ellipsoid 

TD:  x;  north 

(topodetic  :;:■;^■■"'■r,.;;^;- 

coordinates)  Y;  east 

z:  down,  normal  to  ellipsoid 

UVW  Quasi-inertial , right-handed  Cartesian  coordinate  system 
' u:  along  vehicle  position  vector  (radial) 

v:  normal  to  u,  in  orbit  plane  (downtrack) 

w:  out  of  orbit  plane,  uxv=w,  (crosstrack) 


LIST 


COORD  VARIABLE  DESCRIPTION 
FRAME 


Flag  (ON)  to  indicate  the  use  the 
Adams -Moulton  Integration  technique 

M50  Table  of  derivatives  required  by  the  • 

• Adams -Moul ton  integrator 

. . Flag  indicating vehicTe attitude  mode 

Array  of  morder  coeficients  used  in  the 
Adams-Moulton  corrector  • 

, Input  integration  step  size  for  prediction 
or  propagation 

M50  Temporary  storage  for  derivatives  required 

for  the  Adams-Moulton  integrator 

Flag  indicating  if  model  for  acceleration 
due  to  drag  is  to be  used 

Maximum  integration  step  size  used  for 
■ V prediction 

Integration  step  size  for  prediction  or 
•.  propagation 

. Flag  indicating  the  degree  of  the 
gravitational  potential  model ‘ 


Flag  indicating  the  order  of  the 
gravitational  potenti al  model 


APPENDIX  C VARIABLE  LIST  (Continued) 


O 

o Jf* 

VARIABLE  NAME 

DATA  TYPE 

INITIAL- 

VALUE 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

I 

INT 

Counter 

P**^  xTii 

MORDER 

INT 

8 

Order  of  the  Adams-Moulton  integrator 

N_STEPS 

: } 

0 

Number  of  integration  steps  in  the 
prediction  or  propagation  interval 

■ , 

PRED_C0EF 

ARR{8) 

ILOAD 

■ 

Array  of  morder  coeficients  used  in  the 
Adams-Moulton  predictor 

C.1-2 

R_FIN 

; 0 

M50 

Orbiter  or  target  position  vector  at 
’.TJ^IN 

' R JN  ■ ' 

0 

M50 

Orbiter  or  target  position  vector  at 
T:_iN 

SUM 

0 

Temporary  storage  variable  used  in  the 
Adams-Moulton  integrator 

T_CUR 

0 

Current  integration  time  within  the 
predictor  or  propagator 

TJN 

0 

Initial  time  input  for  onorbit 
predictioh  or  propagation 

V_FIN 

' V(3)  • 

0 

M50 

Orbiter  or  target  velocity  vector  at 
T_FIN 

• V JN 

0 , 

H50 

Orbiter  or  target  velocity  vector  at 
T IN 

APPENDIX  C. 

VARIABLE  LIST 

(Continued)  ' . 

VARIABLE  NAME 

■ DATA  TYPE 

INITIAL-  COORD 

VALUE  FRAME 

variable:  DESCRIPTION  • 

VM 

INT 

0 

Flag  indi eating  whether  venting 
accelerations  are  to  be  modeled  for 
prediction  or  propagaticn 

X 

ARR(6) 

0 

M50 

Temporary  array  for  the  shuttle  or 
• target  state  vector  . • 

XN  . 

ARR(7) 

0 

M50 

Array  of  integrated  initial  conditions 
for  onorbit  prediction  and  propagation 

xp’ 

m 

0 

M50 

Temporary  storage  array  of  integrated 
initial  conditions  used  in  the  Adams- 

Moulton  integrator 


0N0RBIT_PREDICT  (COMCLUDED) 


NJBTEPS  > MORDER^- 


C.2-1A 


APPENDIX  D 
USER  PARAMETER 
FLOW  CHARTS,  VARIABLE  NAMES, 
AND  DESCRIPTIONS 


- i . . . 1 1.  ] 


CONTENTS 

SUBJECT 

PAGE 

CONTENTS 

D-ii 

Variable  List  Definitions 

D-iii 

Variable  List 

D.T-1 

Flow  charts 

Onorbit/Rendezvous  User  Parameter 
Processing  Sequencer  Principal  Function 

ONORBIT_REND_UPP_SEQ 

D.2-1 

Onorbit/Rendezvous  User  Parameter 
Processing  Principal  Function 

ONORBIT_RENDJJSER_.PARAM_STATE_PROP 

D.2-2 

AVEPvAGEjaJNTEGRATOR 

D.2-3 

NAV_M0NIT0R_SUPP0RT 

D.2-4 

D-ii 


VARIABLES  LIST  DEFINITIONS 


Code  used  for  variable  data  type 
S:  scalar 

V(in):  vector  (dimension) 

M(n):  square  matrix  (dimension) 

INT:  integer 

BIT:  bit 


CHAR:  character 

STR:  structure 

ARR:  array 

Coordinate  frame  code  and  definition 

Body:  x:  parallel  to  the  longitudinal  axis  (positive  aft) 

(structural ) 

— y:  completes  right-hand  system 


z:  perpendicular  to  the  x-axisj  positive  upward 

. ■ ■ ■ 

EF  Earth-fixed  coordinate  system 

M50:  Mean  of  50  reference  coordinate  system 

RW:  x:  down  runway  centerline  in  direction  of  landing 

(runway  : 

coordinates)  y:  completes  right-hand  system 

; z:  down , normal  to  ellipsoid 

TD:  x;  north 

(topodetic  • ' 

coordinates)  Y:  east 

z:  down,  normal  to  .ellipsoid 

UVW  Quasi-inertial , right-handed  Cartesian  coordinate  system 
u:  along  vehicle  position  vector  (radial) 

v:  normal  to  u,  in  orbit  plane  (downtrack)' 

w:  out  of  orbit  plane,  uxv=w,  (crosstrack) 
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APPENDIX  D VARIABLE  LIST 


VARIABLE  NAME 

DATATYPE  • 

INITIAL  . 
VALUE.  ■ 

COORD 

FRAME 

VARIABLE  DESCRIPTION 

/ySENSED  " V 

V(3)  ' 

■ .“’v.:  ,V', 

M50 

Ratio  of  differerTGe  of  selected  acceler- 
ometer readings  to  difference  of  their 
• time  tags  , - 

M50 

Sensed  acceleration  (local  variable  used 
in  AVERAGE JSjNTEfil^TDR)  . ^ 

ALT::;:':" 

/ V /S'- 

0 

Attitude  of  Shuttle  above  reference 
ellipsoid 

^G_M0M  ^ ^ 

m) 

0 

EF  . 

Shuttle 's  angul ar  momentum  vector 

a$c_node 

6 

Longitude  of  the  ascendi ng  node  for  ' 
the  Shuttle  orbit 

COMP^ODE' 

GHAR 

"CURRENT" 

Indicates  whether  computations  are  to 
be  performed  for  .the  Shuttle  state  at 
the  current  time  or  at  a future  time. 

DEGJ>ER_RAD 

S-; 

(I  LOAD) 

Radian  to  degree  conversion  factor  on 

D(y>REDlCT 

BIT 

OFF 

Flag  which  indicates  whether  or  not 
computations  have  been  completed  when 
"future"  parameters  are  requested 

DTJMU 

S 

State  vector  ayerage-G  integration 
time  step 

D'y’REDICT 

' s , 

I LOAD 

Integration  step  Size 

DtiME 

s 

Step  size  for  state  vector  advancement 
(local  variable  used  in  AVERAGE  G 
INTEGRATOR) 

APPEND IX  D VARiABLE  L 1ST  ( Conti nued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

COORD 
: FRAME 

VARIABLE  DESCRIPTION 

EARTH_MU 

S 

I LOAD- 

Earth's  gravitational  constant 

EVENT  60A 

BIT 

OFF 

Transition 

from  MM201  to  OPS-8  event  flag 

EVENT  60  ^ 

BIT 

OFF 

Transition 

to  MM2 01  from  MM106  event  flag 

EVENT  61 

BIT 

OFF 

Transition 

to  MM2 01  from  MM301  event  flag 

EVENT  66 

. BIT 

OFF 

Transition 

to  MM213  from.MM201  event  flag 

EVENT  67 

BIT 

OFF 

Transition  to  MM202  from  201  event  flag 

EVENT  69 

OFF 

•Guidance  initiate  event  flag 

EVENT  73  • • 

BIT 

OFF 

Transition 

to  MM2 01  from  M202  event  flag 

EVENT  74  ^ ■ 

BIT 

OFF 

Transition 

to  MM211  from  MMl 06  event  flag 

EVENT  76 

BIT 

OFF  • 

Transition 

to  MM212  from  MM211  event  flag 

EVENT  78 

BIT 

OFF 

Transition 

to  MM211  from  MM212  event  flag 

EVENT  80  ■ ■ T 

BIT 

OFF 

Transi tion 

to  MM201  from  MM213  event  flag 

EVENT  82 

BIT  . 

OFF 

Transition 

to  MM213  from  MM211  event  flag 

EVENT  84  ^ ^ ^ ^ 

BIT 

OFF 

Transition 

to  MM201  from  .OPS-00  event 

FILTJPDATE  ^ . 

BIT 

Flag  indicating  the  availability  of  a 

filter  updated  state 


APPENDIX  D 


VARIABLE  NAME 

DATA  TYPE. 

. INITIAL 
VALUE 

GR 

V(3) 

GRl 

V(3) 

LATJ3E0D 

' ■ ' S ■ 

O’  ■ 

LONG 

■•S  ' ' 

0 

MJEMPJXPOS  . 

M(9) 

0 

NAUTMI_PER_FT 

S 

I LOAD 

R_AV  , V . 

V(3) 

R JWGG 

V(3) 

R JOMP  ’ 

V(3) 

0 

R_EF 

V(3) 

0 

R _RESET 

V(3) 

LIST  (Continued) 


VARIABLE  DESCRIPTION 


Gravitational  acceleration  (local  variable 
used  in  AVERAGE_G_INTEGRATOR) 

Gravitational  acceleration  (local  variable 
used  in  AVERAGEJSJNTEGRATOR) 

Geodetic  latitude  of  the  Shuttle  sub- vehicle 
.point 

Longitude  of  Shuttle  sub-vehicle  point 

Transformation  matrix  from  M50  to  earth- 
fixed  coordinates 

Feet  to  nautical  mile  conversion  factor 

Position  vestor  (local  variable  used  in 
AVERAGEJSJNTEGRATOR) 

Current  orbiter  position  vector  updated 
by  user  parameter  propagator 

Orbiter  position  vector  at  either  the 
current  time  or  a future  time. 


Orbiter  position  vector  in  earth-fixed 
corrdi nates 

Copy  of  filter  updated  orbiter  position 
vector  for  user  parameter  propagator  reset 


APPENDIX  D 


VARIABLE  NAME  . 

DATA  TYPE 

initial 

VALUE 

i:;  . 
!:?:  : 

R JFV_  RESET 

V(3) 

H’  • 

ii- 

li' 

RENDJ1AV_FLAG' 

OFF 

ii' 

11 

[:=  ■ 

1: 

, R^JARGET 

if:  . '■ 

If  / O f 

T_C0MP 

k / ttf;::s 

0 

1 ■ 

!.l  ^ ' 

k:.; 

i ■ 

T_PREDIGT 

7v-;f  : / ;S  ' . 

0 

i ■ ' , ' ; 

r_RESET  . 

1'  ■' 

TJITATE 

f;  yv>:'x  VS:  : 

0 

if.. 

!■' 

' USEJMU_DATE  k 

BIT 

OFF 

)ii.i  ■ 

V_AV 

V AVGG 

^(3) 

LIST  (Continued) 


COORD  VARIABLE  DESCRIPTION 
FRAME 

M50  Copy  of  filter  updated  target  position 


vector  for  user  parameter  propagator  reset 

Flag  indicating  whether  rendezvous  naviga- 
tion is  active  (ON),  or  whether  onorbit 
navigation  is  active  (OFF) 

M50  Position  vector  of  the  target  vehicle, 

updated  by  the  user  parameters  propagator 

Time  tag  corresponding  to  ^ JCOMP  and 

ijCOMP 

Current  time  tag 

. Time  for  which  future  orbital  parameters 
are  to  be  computed' 

Copy  of  time  tag  of  filter  update  of  state 
vectors  for  user  parameter  propagator  reset 

Time  tag  for  current  user  parameter  state 
vector 

Flag  indicating  IMU  data  are  to  be  used  in 
integration  (ON)  • 

M50  ^ (local  variable  used  in 

AVERAGE JIJNTESRATOR  ) 

M50  Velocity  vector  of  orbiter,  updated  by 

the- user  parameters  propagator 


APPENDIX  D VARIABLE  LIST  (Continued) 


VARIABLE  NAME 

DATA  TYPE 

INITIAL 

VALUE 

GOORD 

FRAME 

VARIABLE  DESCRIPTION 

V_C0MP  ■ • 

^(3)- 

0 

M50 

Orbiter  velocity  vector  at  either  the 
current  time  or  a future  tim.e 

V _EF 

^/(3) 

0 

EF 

Orbiter  velocity  vector  in  earth- fixed 
coordinates 

V JMU__CURRENT  ^ 

yy^WY  ■ ■ 

M50.' 

Current  selected  accumulated  IMU  velocity 

VJMUMDLB  V 

: /V(3)', 

M50  ‘ 

. Previous  accumulated  iMU  velocity 

V JMULRESET  ' ' 

: . 

M50  •• 

Copy  of  IMU  accumulated  sensed  velocity  for 
user  parameter  prodagator  reset 

V J^ESET  ; . 

; ^/(3) 

M50 

. Copy  of  filter  updated  orbiter  velocity 
vector  for  user  parameter  propagator  reset 

V(3)  ^ 

M50 

Vel ocity  vector  of  the  target  vehi cle, 
updated  by  the  user  parameters  propagator 

V_TV_RESET 

M50 

Copy  of  filter  updated  target  velocity  vector 

for  user  parameter  propagator  reset 


I 


I 


ONORBIT_REND_UPP_SEQ 
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* The  purpose  of  this  cancel  and  reschedul e i s to  synchronize  this 
module  with  the  executions  of  onorbit  guidance  which  is  to  begin 
computations  at  this. time. 
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ONORBIT  REND  USER  PARAM  STATE  PROP 


SNAP  IMU ' (V  IMU  CURRENT , T IMU ) 


FILT  UPDATE 


^AVGG  = PRESET 
y_AVGG  = y_RESET 
X_IMU_OLD  = i^IMU_RESET 
T STATE  = T RESET 


DT  IMU  = T IMU-T  STATE 


A SENSED  = 


^imu__current-v_imu_old 

DT  IMU 


A SENSED  = 0. 


CALL:  AVERAGE  _6_INTEGRAT0R 

IN  LIST:  ^AVGG,  \^AVGG,  DT_IMUi  ^SENSED,  TJSTATE.  T_IMU 

OUT  LIST:  R AVGG,  V AVGG 


REND  NAV  FLAGX 


FILT  update 


J^TARGET  = R_TV„RESET 
V target  = V TV  RESET 


CALL:  AVERAGE_GJNTE6RAT0R 
IN  LIST:*  RJARGET,  V_TARGET,  DTJMU,  0.,  0.,  0., 
: T_STATE,  TJMU 

OUT  LIST:  R TARGET,  V TARGET 


jT_STATE  = TJMU 
' riMUjDLD  = 1_IMU_CURRENT 
FILT  UPDATE  = OFF 


1 


AVERAGE  G INTEGRATOR 


IN  LIST:  R AV,  V AV,  DTIME,  AC,  T STATE,  T IMU 


OUT  LIST:  R AV,  V AV 


GR  = ACCEL_PERT_ONORBIT  (2,  0,  0,  0,  0,  ^AV,  V_AV,  TESTATE) 
GR  GR  - EARTHJ4U  RJ\V/|^AV|^^^ 

^ ^ [)M\V  + .5  DVIME  (AC  + GR)] 

GRl  = ACCE^  0,  0,  0,  0, 

= gll  - EARTOU  R_AV/ljy\V|^ 

V_AV  = V_AV  + DTIME  [AC  + .5(GR  + GRl )] 
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NAV  M0NIT0IL3UPP0RT 
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■ 'V 


